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WELDING ELECTRODES 


ALL-POSITION TYPES 
FLAT-POSITION TYPES 


Get Better Welds 
at No Additional Cost 


EXCELLENT PENETRATION WITHOUT UNDERCUTTING 
OR OVERLAPPING 


HS. are four new G-E welding electrodes that operators say are the 
best they’ve ever used. In terms of profits, the new ease of handling 
they provide means increased fabrication returns because operators can turn 
out better welds at higher speeds. 

One reason why operators prefer these new electrodes is because the arc 
has no flare and they can get better penetration without undercutting, pile 
up, or overlapping. Slag does not get into the crater, hence they don’t have 
to fight against slag inclusions. And you don’t have to baby these rods! Use 
high currents on them, kick them around the coating can take it. Using 
them in moist atmospheres around shipyards and similar places does not 
injure them. Heated store rooms, vacuum packing, etc. are unnecessary. 
But to prove that this isn’t too good to be true, you'll need 

samples. They can be obtained free from your nearest G-E 

arc-welding distributor or sales office or by sending the 


coupon to General Electric Company, Schenectady, N. Y. General Electric, Schenectady, N. Y. 
Dept. 6B-201 


Please send me samples of your new welding electrode 
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\/\/senever you are, whatever 
your oxygen requirements may 
be—large or small, regular or infrequent 
—Linde can serve you efficiently. Plants 
and warehouse stocks located through- 
out the nation make Linde oxygen avail- 
able everywhere at minimum transpor- 
tation cost. 

The same sales and service organiza- 
tion that is back of Linde oxygen also is 
prepared to supply you with Prest-O-Lite 
dissolved acetylene, Union Carbide, and 
Oxweld welding and cutting apparatus 
and supplies. Thus, no matter what your 
interest in the oxy-acetylene process 
may be—whether in production, repair 
or new construction—you can co-ordi- 
nate your requirements for materials 
and service through Linde. 
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The Linde sales, engineering, and 


service facilities can assist you in weld- 
ing, cutting, flame hardening, flame 
softening, hard-facing or in any other 
application of the oxy-acetylene process 
peculiar to your business. Write to the 
nearest Linde office for full information. 





LINDE OXYGEN, U. S. P. 


The letters U.S.P.” marked on every Linde oxygen cylinder indi- 
cate that all Linde oxygen, wherever obtained, meets or exceeds 
the purity requirements of physicians and hospitals for oxygen 
which is satisfactory for medical use. The careful testing re- 
quired under these circumstances makes it certain that when you 
buy from Linde you will get oxygen of the highest uniform purity. 














The words “Linde,” “‘Prest-O-Lite,"’ ““Oxweld’’ and ““Union’’ used herein are trade-t 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 


New York and [[q@ Principal Cities 


In Canada: Dominion Oxygen Company, Limited, Toronto 
Everything for Oxy-Acetylene Welding and Cutting 


PREST-O-LITE ACETYLENE 


OXWELD APPARATUS AND SUPPLIES 





UNION CARBIDE 


fal 
str 


Imi 


CO 


tai 





elding 
VOLUME 17, No. 8 








Naurnat 


AUGUST 1938 











Welding in Modern BuildingConstruction 


By HEATH LAWSON’ 


HE most ardent welding enthusiasts in the structural 
field have advocated the adoption of all-welded struc 
tures for many years and have at times felt rather 
disheartened at the apparent reluctance of engineers 
and fabricators to go “all the way”’ in welded designs. 
[he present outlook for welded fabrication of struc 
tural steel should discourage no one; economic laws still 
operate and the point has been about reached where 
combinations of welding, bolting and riveting are em 
ployed to produce the cheapest structure. It must not 
be lost sight of that riveting is a well established practice 
and a highly developed art. That with present welding 
costs some economy of design or detail is necessary if weld 
g is to be substituted for riveting. In fact, a new weld 
ing process or a vast improvement in present processes 
is necessary before riveting can be entirely supplanted. 
[here are many material advantages peculiar to weld 
ing, such as simpler, neater looking details, the elimina 
tion of fills, the advantage of retention of full section and 
others. Welding is, therefore, being adopted for the 
fabrication of elements of what may be termed riveted 
structures. Introduction of the cutting torch and weld 
ing equipment has resulted in many minor changes in shop 
methods. In a riveted building, for example, where 
cover plates are to be added to column sections of a thick 
ness requiring drilled holes, it is common practice to 
tack weld the plates to the column shaft and drill in 
one operation. A similar use of tack welding was made 
in the fabrication of the towers for the Golden Gate Bridge. 

















Fig. 1—Setting Steel Sash and Welding in Steel Frame House 
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Fig. 2—Steel Frame House—Welding Rafters to Ridge 


It has become common practice in riveted structures 
to fabricate by welding the connections of base angles to 
column slabs, the attachment of masonry plates to span 
drel sections and lintels and similar details where lower 
costs are attained by doing away with countersunk holes 
or by eliminating drilled holes in thick materials. An 
other common detail is the welding of plat 
under concentrated loads on rolled sections, replacing the 
usual riveted stiffener angles 

Many structures are designed for 
welding, riveting and bolting For 
economy is made possible in a welded structure by 
bolting connections of secondary members. In a field 
riveted structure, shop welding is used on such items as 
trussed purlins, trusses, rigid frames, shaped beams and 
similar details. Such skillfully used re 
sult in lower costs. 

Some combinations, however, are definitely 
nomical. A shop-riveted, field-welded structure is genet 
ally uneconomical because the economy of welded details 
is lost. Field riveting in combination with field welding 
is also usually uneconomical, unk 
portation and the inere ased rental charges on the erection 
equipment can be absorbed in a large operation, or some 
hese charge 
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Fig. 3—Completed Steel Frame House 


A third approach has been to ship steel studs and joists 
to the site with little shop fabrication, assembling the 
frame in a manner almost identical with that used in 
the erection of wooden framing. Thus, the cutting torch 
replaces the carpenter's saw and electric welding, his 
hammer and nails. Cutting and arc welding give to 
steel the same flexibility in design and arrangement as 
obtained in wooden framing, no extra material is needed 
for connections and the need of expensive detailed fab- 
ricating drawings is eliminated. The development of 
light, inexpensive welding equipment is adding impetus to 
this third method. Construction details and a finished 
steel frame house are shown in Figs. 1-3. 

In a report of a meeting of the American Institute of 
Steel Construction (THE WELDING JOURNAL, Nov. 
1937) F. T. Llewellyn is quoted as stating that over 1400 
houses have been built in which steel is the major ma- 
terial of construction, while over 3000 use steel in a lesser 
degree. 





The standard open web steel joists are well | 
and widely used. Completely shop fabricated, 
supported on masonry walls or structural steel beam 
welded type of open web joists are fabricated by electr 
or pressure welding, of standard Tee's, angles and bars 
The standard joists will accommodate spans up 
feet while long-span, shop-fabricated, arc-welded tr 
are available for spans to 64 feet. 

In the design of mill buildings covering large 
such as those used in the automobile and aviatio 
dustries several new developments have taken place, 
influenced in some respects by arc welding. One is th 
greater use of cantilever or continuous action in trusses 
or bent beams to obtain greater spans, and wider work 
ing-aisles. Another is the use of a bent or shaped beam 
When column and beam are welded into one unit this 
form has been referred to as tree-form construction. |} 
is used to reduce shadows in the working area and 
thought to produce a more pleasing interior (Fig 

Arches and some forms of rigid frames lend themselves 
particularly well to welding. These are usually formed 
of rolled sections, split with the cutting torch and gussets 
welded in, to form a smooth surface. This constructio: 
is particularly pleasing to the eye when well proportioned 
and carefully fabricated. Some typical examples ar 
given in Figs. 5 and 6. 

A group of welded arch ribs for a large structure is 
shown in Fig. 7. The span of arch is 76 feet 6 inches 
the height 36 feet 6 inches, the weight of each rib 9.6 tons 
Cover plates were welded along edges and plug-welded 
at center. Field splices are vsed above each haunch 
and at center of arch. 

While welding has not been used in very tall buildings 
except for minor alterations, its use in modern tier build 
ings is increasing. Many such structures under ten 
stories have been built of welded construction. Most 
of them are hospitals, where elimination of noise is th 
main consideration, but there are also many schools 
light manufacturing buildings and plant office buildings 
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Fig. 5—Bending and Fitting Operation on Shaped Beams 


\doption of new building code provisions permitting 
welded construction by such cities as New York and 
Chicago, together with the demand for noise abate- 
ment, should stimulate welded construction in this class 
of structure. Incidentally there are 67 cities over 25,000 
population, 26 of which are over 100,000, having welding 
provisions in the building code in general conformity 
with the A. W.S. Code; in 29 more cities welding may be 
used by special permit. Indications of the present trend 
are a fourteen-story apartment house now under con 
struction in New York, and a fifteen-story hospital in 
Pittsburgh. In the latter field bolting is used for secon 
dary members; all other connections are shop and field 
welded. Incidentally, this is probably the largest build 
ing in which A.C. welding equipment is used for field 
welding. Three welders are keeping so close behind the 
raising gang on this job that plumbing-up guys are 
never more than one tier behind the derrick. Typical 
details of this building are shown in Fig. 8. 

In order to reduce shop costs holes were punched only 
in the filling-in beams which required holes for tie-rods, 
due to the type of floor used. As far as possible no holes 
were used in the main material of girders and columns 

Reduction in costs through elimination of shop opera 
tions can only be attained when the fabricator has con 
trol of the design of the details; and if the customer is 
to obtain any advantage from such economies the fab 
ricator must know when preparing his estimate, that he 
will be in a position to effect such economies. 

The preparation of details for a building of this size, 
without ‘‘standard details,’ such as we have for riveted 
construction, is a rather tedious procedure, since welded 
details require much more careful design. Many of the 
practices and assumptions common to riveted construc 
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tion would be extremely bad practice for welded con 
nections. For example, it is common practice in riveted 
designs to assume a free-end condition in a member, and 
to take no special precautions to produce a connection 
which approximates that condition. For riveted con 
nections this is not serious, since these connections em 
ploy relatively thin angles, connected at relatively large 
distances from the back of the angle, producing a con 
nection which is inherently flexibl 

In welded construction, on the other hand, angles are 
not required for connections Direct welding of the 
component parts or connections employing small bars 
and plates are sometimes used. Such details are in 
herently rigid; to attach such a detail with welding which 
is insufficient to resist the degree of restraint produced 
by the form of connection would likely result in weld 
failure 

Some examples of rigid and non-rigid welded con 
nections are shown in Fig. 9. The diagram in the upper 
right-hand corner of this illustration is based on one 
shown in an article by H. M. Priest (AMERICAN WELDING 





Fig. 7—Shop Assembly of Arch Ribs 


SOCIETY JOURNAL, August 1933); it indicates the amount 
of movement or displacement at the top flange of a simple 
beam. As this movement of 0.1 inch must be absorbed 
or resisted by the top connection, it is evident from the 
sketches at upper left and center that details of this 
character could not permit so great a movement, nor 
are the welds sufficiently strong to restrain the beam to 
prevent such movement This may result in tearing 
off the connection before the design load is attained 
The flexible connections shown below these sketches 
would permit such movement, without damage to the 
connection, even though the yield point of the connection 
material be exceeded 

The lower right-hand sketch indicates how welds 





Fig. 6—Close-Up of Welded Joints 


WELDING IN BUILDING CONSTRUCTION 
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Fig. 8—Typical Details, Hospital Building 


should be placed on flexible connections, in order that 
the connection may flex without damage to the welds. 
The lower sketch indicates the preferred method. 

If welded details could be standardized and published 
in the Steel Manufacturers Manuals, designers, detailers 
and the shop would benefit. However, this is not pos- 
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Fig. 9—Rigid and Non-Rigid Welded Connections 
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sible with present welding as the cost of « 
welding would put welding completely out of the pictur 

The standard riveted connection for a 15-inch standar 
12.9-lb. beam, for example, contains 4 shop and s 
rivets, all of which are required on a span of 7 feet 
a span of 14 feet or over, half as many rivets would 
velop the full strength of the beam; but it has been 
custom to retain the standard connection regardles 
span and to assume that drafting, punching and othe: 
standardized procedures are sufficiently cheapened ther 
by to pay for the excess riveting. With welded co 
tions this attitude is impracticable. The cost is m 
punch set-ups and the like—it is in the welder's tim 
Therefore, weld lengths must be figured down to s 
more reasonable relationship to the actual loads. 1 
is no such thing as a standard welded connection for 
inch beams which can be applied regardless of the leng! 
and loading, for the resultant cost of wasted weld 
could not be borne. 

It is possible, however, to standardize on types ol 
nections, and prepare charts and tables to facilitat 
selection of details. By a judicious grouping ot 
nections for a particular structure, job standards 
then be set up. 

Design Table and Charts, Fig. 10 and Figs. 11 to: 
used fot designing welded details. These are all ba 
on A. I. S$. C. 1936 Specifications and A. W.S. 1937 Sp 
fications. Figures 10 and 11 need no explanation; | 
12 to 15 are also self-explanatory as all formulas are gi 
They are merely single and double welds under vari 
combined shear and moment conditions: Fig. 16 
standard connection angle detail. 

Figures 17 and 21 are used in conjunction, as the 


costs, 
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Fig. 10 


Fig. 11 
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SHEAR IN PLATES. 
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Fig. 22 


centricity e¢, is determined for any case on Fig. 21 and 
used for determining angle size and welding on Fig. 17. 
Similarly, for stiffened seats e, is obtained from Fig. 21 
and used on Fig. 18 to design the connection. 

Figure 20 is self-explanatory, and so is Fig. 19 also. 
This single side angle connection or any similar butt- 


A ‘ adi cee 3 7 
welded connection where there is no flexibility should 1G 4 
- . ° " as ha = + ——+ —_s Ee — = _ 
not be used for bridge stringers, crane girder connections 3c 48510 48513 GBLIe GH30 GH4! BHS8 BHET ICH \oo| 
> oimmil- . : . : . 3I ; ST 585 GH23 8H35 BH48 10H 72 loHBS [0H 1720} 
or any similar connection subject to a large number of 40 | GI 620, ©H27 BH40 10HGO 10HT7  12H92 17H I36| 
stress reversals as » flexibilitv is obtaine r def a- 4I GBLIZ B8BLIS| 8G24 1044! JOH6G: 12HSBS | 1299 14H 142) 
stress reversals as the flexibility is obtained by deforma 48975 Cesis 8821 | 8627 | 10645| 12664 14674 | IZM 106 14H Iso] 
tion of the beam web and it is not known at this time St | GBI0! tot 843) 10H49) 1ZH72, 14H84 | I4HII9 24G 160 
the re , » he: re scaccec . Neate ad. 6C 7 Bi2) loBLI7T) BH33 JOH54/ 12H79) j}4H103) 14H 127 27G177) 
what value the beam web possesses under repeated load eased 76 10823 | 1oBLI9 | 121408| 14653 14 HIN! IGG 114 304190 
ings. Figure 22 is self-explanatory. CBJ | 7I = 128119 1082 12145 | 14658 | 16G 18 | 186 114 30G 200 
The f wiggrenin ‘ oe R 88J BC 12828) 10829 12150] 1446! | 16 G96! 186124 33G2I0 
__ The formula used on Fig. 15 was devised by Mr. loBT 8X 14B30| 10633 12T55| 14468 | 6 @l0S| 21896 334220 
Gilbert D. Fish about ten years ago and adapted to I7B3 | 8BLI2 16836) 10437 12836) 146 78 | 18877 | 21 Bld 36817 
ee : ange , ct oe See Sarid BIT 121 31.8, 12@40| 14H87| 18885, 214132 368182 
chart form by the author. All other formulas are 8 BIS 12135 | 12q45| 1495! 186105) 216142 369230 
simple derivations from the laws of mechanics, assuming 43 Hae 12653) 16464; 21889) 246190 _| 
. . : 10 12832) I12G§ IGGTI, 21G122| 274 154 lo 112 
that a fillet weld acts only in shear and that all loads, 10 BL IS | 14834 |2HES 16G@ 8s 24Z 1059 216163 12H 133 
however applied, may be resolved into a single shear plane 10 B21 |14B38 14842) 18870 241 \lo| 308132 14H 158 
pecs: gga ego Apes agg J 120 I5C | 14643 18@ 96! 241115| 30q172 14H 167 
of unit width. The assumptions made in Fig. 16, al- (2 BLES 151429 14G 48 | 201814) 241120] 306 180) 304 210 
though slightly empirical, are in fair agreement wi 12825 15145 | 151608) 20185 24694] 33814) 368 194 
, us 8 Se I > wa: = ay - t ith ISISo I5I€5 20190) 24G1l0| 33B152 36G 240 
similar assumptions of Fish and Priest. The Theory of | ISISS| \5I%0 | 20195 | 24G120| 334 200, 36G 250 
sesenen Sal » Misatiin Se Ke 37 enue comeeed € ace 1G@B40 15175 20T\00 | 24G130| 368 \60! 14 | 
Design of the Flexible Seat, Fig. 17, was covered fully by 18847/ 16845 | 21873 | sate ereyr 
the author in an article in the AMERICAN WELDING So 1GB5°| 21882 278106 124 147 
<IRTYV TR NYS » 1025 16858) 21GiN2 278114 14H N16} 
CigTy JOURNAL (June 1935). ; SC | 241799 276 145 14H (84) 
For certain types of structures where a high degree of | 1x 24185 | 30B 116 336 240) 
ee , ! a - ee : 18850 24190 308124 36 260) 
skill in welded design is necessary to obtain an eco- 18855 | 24195 308132 C i 
nomical structure, the average structural engineer should 18B64 241100 366150 lo H 136 
ai tis i annua F as Rites dail Gh alee 201654 24880 12H I6 
call in a consultant. or tier buildings and the simpler 20Il 10 24887 144 193] 
types of mill buildings, however, the structural engineer 20115 24G\00 14H 202) 
satr aaleie desian ¢ eliting if he will desien the mei 21859 27898 -3@S 280! 
may safely design for welding, if he will design the main 21863 30B108 r te | 
material only, and leave to the fabricator the design of ae pote 
the details. In the case of trusses, he should furnish only 2789) 366 300| 
a truss diagram with stresses indicated and permit the 
fabricator to select the truss material. Of course, all Fig, 23 
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reactions and moments should be given as an aid to ¢} 
detailer. When depending upon the fabricator fo: 
sign of the details, it would be well to specify that }y 
show satisfactory proof of his ability to fabricate welded 
structures and design welded details 

It is common practice for some engineers to sp 

s-inch minimum welds; railroad engineers seem to 
favor '/s-inch minimum. The correct size of weld is a 
matter of intelligent design and should not be determined 
by arbitrary specification. Good strength welds are 
being used today as smaljl as */;.inch and for struc. 
tural work '/, inch is about the most common siz 
It does not seem to be known to structural engineers 
that for wide flange sections, under 18-inch depth, only 
the heavier weights have flanges or webs thick enough 
to permit the use of */s-inch fillets and that joists and 
small sizes of channels and beams can accommodate no 
larger than */,.-inch fillets. This is shown on Chart, 
Fig. 23. 

Use of */,6-inch and '/4-inch welds on heavy material 
may result in excessive quench and brittle welds; thes 
light welds should, therefore, not be used indiscrimi- 
nately by those with little or no welding experience. 
Again, this is a question of engineering design and should 
be handled by one experienced in the art. Too heavy a 
weld is wasteful and produces excessive distortion; to 
light a weld may crack before it fully cools. 

For welding specifications, merely require that all 
designs and welding conform to the AMERICAN WELDING 
Society Specification applicable to the particular struc- 
ture. One who is not thoroughly experienced and in 
constant touch with developments in welded constructio: 
should not attempt to write his own specifications, as a 
requirement which may have been good practice yester 
day may prevent obtaining the best job today. 
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Welding Speeds Are Increased More Than 25 Per Cent with the 4-Flame Bell-Hole Ti, 


SPEEDING THE CONSTRUCTION OF 








By GEORGE SYKES' 


IGHER quality welds, increased speeds df 25 pet 
cent or more, and a reduction in gas consumption 
of at least 25 per cent are now made possible by 

two outstanding developments in the welding of overland 
pipe lines by oxyacetylene welding. These two develop 
ments are: (1) new 4- and 6-flame tips for position welds 
and rolling welds, respectively, and (2) a new low-alloy 
steel welding rod. Following a brief review of the factors 
leading to present-day pipe line construction methods, 
the new tips and rod will be described in some detail, 
together with recommended procedures for their use, and 
the results obtained on a number of recently completed 


es 


DEVELOPMENT OF LINDEWELDING 


_ Although the oxyacetylene welding of pipe lines dates 
back to before the World War, it was not until 1930 that 
the technique now widely employed was first introduced 


I 
[he 


Linde Air Products Company 


Overland Pipe Lines 


his process, involved the us« backhand welding, a 
special flame adjustment and a special welding rod. | 
ing this technique, welds were made in half the time and 
at half the cost of methods formerly used 

his was followed in 1934 by the development of a 
3-flame tip which was designed especially for making 
rolling welds and which further speeded the gas welding 


of pipe lines. In addition to the main welding flame, this 
tip had two smaller auxiliary flames positioned so as to 
preheat the vee directly ahead of the point of welding 
Savings olf more than 25 per cent in rods and gases and 
of 30 per cent or more in welding time were effected by 
the use of this multi-flame tip compared with singh 


flame welding 

lhe success of the 3-flame tip led quite naturally to ey 
tensive investigation of the possibilities of other multi 
flame tips for making position or bell-hole welds, as well 


as for making rolling welds. Thi estigation, spurred 
by the recent popularity of the all-bell-hole method of 
construction, resulted in the development of two new 











Making a Bell-Hole Weld in an Overhead Position with the 4-Flame Tip 


tips—a 4-flame tip for position welds and a 6-flame tip 
for rolling welds. 


ALL-BELL-HOLE METHOD 


The all-bell-hole method consists in assembling the 
line, a length at a time, and making all welds in position, 
that is, making them as bell-hole welds (Oxy-Acetylene 
Tips, November 1936). What it really amounts to is the 
elimination of the usual line-up and firing-line gangs, with 
the bending or tie-in gang handling sections 40 ft. long 
instead of the usual 200 ft. This method also eliminates 
dollies and other devices for rolling pipe. 

The procedure usually followed is to line up the pipe 
on skids over the ditch, after which the joints are tack- 
welded and then welded without turning the pipe. Be- 
sides the tacker, from three to six or more operators do 
the bell-hole welding, the number depending on the 
speed with which the pipe is lined up. 

Variations of the bell-hole method included the so- 
called ‘‘stap-on’’ and ‘“‘stove-pipe’’ methods (Oxy-Acety 
lene Tips, February 1937) which are commonly used on 
short lines. Also, there has been developed during the 
past year a new procedure known as the ‘‘one-third roll” 
method which has been used with considerable success 
on a number of recently completed lines. This method 
will be discussed later in connection with the construc- 
tion of a 16-inch gas line. 

In spite of its inherent advantage of simplified organi- 
zation, the all-bell-hole method requires somewhat more 
time for making the joint than is required for making a 
rolling weld. However, with the introduction of the new 
4-flame tip and welding rod, it is now possible to produce 
a bell-hole weld in about the same time that it formerly 
took to make a rolling weld with a 3-flame tip. For ex- 
ample, on 16-inch diameter pipe with '/,-inch wall thick- 
ness, an operator can complete one of these position 
welds in 8 to 12 min. This is an average of about 5 linear 
inch of welding a minute, and it is readily apparent that 
at this speed, the advantages and savings resulting from 
the all-bell-hole method of construction can now be 
fully realized. 


FOUR-FLAME TIP FOR POSITION WELDING 


In addition to the main welding flame, the 4-flame 
tip provides two flames for preheating the vee and a 
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fourth flame for preheating the rod. The jet for th 
preheat is so located that the operator has control of | 
amount of rod preheated and melted regardless of the p 
of welding. The two flames for preheating the ve 
positioned similarly to those in the 3-flame tip. 

The 4-flame tip is designed in two sizes—the smaller 
for pipe wall thicknesses from '/, inch to °/39 inch, 
the larger, for thicknesses from °/j, inch to 3/s inch 


WELDING TECHNIQUE—FOUR-FLAME TIP 


No special technique is required when making posit 
welds with the 4-flame tip. The manipulation of th 
blow-pipe is essentially the same as that employed whe: 
welding with either a single-flame or 3-flame tip. Opera 
tors proficient in the special welding technique will h 
no difficulty using the 4-flame tip, although they will fi 
it necessary to proceed at a faster rate. 

The flames should be adjusted with enough excess 
acetylene to give a feather about 1'/, times the length 
of the inner cone. If this adjustment is made with th: 
main welding flame as a guide, the other flames will by 
correct. 

To position the flame correctly, the blowpipe should 
be held with the tip parallel to the line of weld and wit! 
the welding flame pointing to the base of the vee. Ther 
with the welding flame maintained in this position ai 
with its inner cone barely out of contact with the metal 
the blow-pipe should be rotated in the plane of the weld 
until the inner cones of the vee preheat flames are just 
above the metal. This automatically brings the rod 
preheat flame into correct position. 

In welding, practically all the rod and blowpipe mov« 
ment is confined to a back-and-forth or accordion moti: 


The New 4-Flame Tip for Position Welding Incorporates Two Flames for 


the Vee Preheat, One for the Rod Preheat and One for Actual Weldin 
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The Excess Acetylene Feather Should Be from 1'/: to 1 Times the 
=f Length of the Inner Cone for This New Method of Welding 
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per ng the line of weld, with little or no motion transverse 
toe to the weld. Although actual melting of the rod is com 
l find pleted by the main welding flame, the auxiliary flame 
ies mally preheats the rod sufficiently to develop a visi 
' ile red. The rate at which the rod is melted can be con 
ct 


trolled by varying this preheating action through move 
ment of either the rod or the blowpipe. 
I be After the weld is under way, both hands should move 
| the accordion motion just mentioned—one moving the 
blowpipe so as to prepare the vee and melt the rod alter 
nately, and the other moving the rod in the puddle so as 
ae to direct the flow of molten metal. Since less of the 
welding flame heat is required to melt the rod, more can 
be used to prepare the vee, thus increasing the welding 
speed. 

The technique is essentially the same for various posi 
tions around the pipe except that the rate at which the 
rod is melted is changed as necessary. The procedure is 
to start at the top of the joint and proceed continuously 
around to the lowest point, then start again at the top 
and proceed down the remaining half of the weld. 


WELDING SPEEDS—FOUR-FLAME TIP 


[he figures for welding speeds and material consump 
tion shown in Table | are typical of what may be ex 
pected on a well organized pipe line job using the all-bell 
hole method of construction and the 4-flame tips. 

As a basis for comparison with previous techniques, 
data selected from field records shown that 8-inch diame 
ter pipe with a */s-inch wall thickness is welded in ap 
proximately 8 min. with a 4-flame tip. With this tip, 
joints in 16-inch diameter pipe with a wall thickness of 

s inch required only about 12 min. to complete. 

With the greater welding speeds now possible, the con 
struction of overland pipe lines on scheduled time is 
more than ever dependent upon efficient organization 
[he work of the various gangs must be coordinated so 
that the entire organization progresses efficiently. 


Table 1—Data for Making Position Welds Using the Four- 
Flame Tip 


Pipe Wall Included Rod Per Oxygen Time 
Diameter, Thickness, Angle, Weld, Per Weld, Per Weld 
In In Deg Lb Cu. Ft Min 
6 0.250 60 0.38 S 4 
0.250 60 0.45 1] 6 
0.375 50 0.87 16 s 
0.250 60 0.80 17 Q 
0.312 50 0.90 19 LO 
) 0.250 60 1.00 21 11 
) 0.250 60 1.25 26 13 


ones 


to 


l 
1: 
1 


) 
— 


Note: Acetylene consumption is about 3 per cent more than 
xygen 
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SIX-FLAME TIP FOR ROLLING WELDS 


The 6-flame tip is similar in design to the 4-flame tip 
except that it has two additional vee preheat flames 
Four flames of this tip preheat the walls of the pipe, a 
fifth flame preheats the rod and a sixth flame does the 
actual welding. This tip is designed for pipe diameters 
above 6 inches and is available in two sizes—the first, for 
pipe wall thicknesses from '/, inch to inch, and the 
second, for thicknesses from °/) inch to inch 


WELDING TECHNIQUE—SIX-FLAME TIP 


The technique described for the 4-flame tip also ap 


plies in its essentials to the 6-flame tip, except for modi 
fications brought about by the peculiarities of each type 
of joint. Since all welding on a rotated pipe joint is 
performed in the same position, manipulation need not be 
adapted to changing conditions. In addition, the speed 
at which a rotated pipe joint can be welded, particularly 
on smaller diameters, is particularly dependent on the 
time required for the puddle to solidify, since solidifica 
tion must occur before the puddle has passed beyond a 
horizontal position 


WELDING SPEEDS—SIX-FLAME TIP 


Because of the more effective application of heat, the 
6-flame tip increases the speed on rolling welds over that 
for 3-flame welding by 35 to 70 per cent, depending 
on the size of the pipe. As compared with single-flame 
welding, the speed of welding with the 6-flame tip 
is more than doubled. Forrexample, results from the 
field show that the 6-flame tip averages somewhat less 


than 5 min. per weld on 8-inch pipe with '/,-inch wall 
thickness, and approximately 8 min. per joint on 16-inch 
diameter pipe with a wall thickness of '/, inch 





The 6-Flame Tip for Making Rolling Welds Is Similar in Design to the 
4-Flame Tip Except That It Has Two Additional Flames for the Vee 


Preheat 








6-flame tips. When applying the rod, the weld-metal sets 
up more rapidly, making it easier to control the pudd 
This makes greater welding speed possible and 
effects a reduction of gas consumption per weld. 
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ANGLE OF BEVEL 


In general, an included angle of bevel of 60 deg 
recommended for all pipe wall thicknesses. However 
where accurate spacing and line-up are assured, a 50-deg, 
bevel can be used with a resultant increase in speed 





4 





and a saving of 5 to 10 per cent in the consumption of rod d 
and gases. On a number of jobs in the field, excellent 
results have been obtained by using a 50-deg. angle fo: stet 
Lining-Up and Tack-Welding a Line for Bell-Hole Welding heavier pipe wall thicknesses, such as °/;, inch and 
inch. 
Table 2 lists the material consumption and speeds for ys 
various sizes of pipe using the 6-flame tip on rotating ee a ee ps 
welds. 


For pipe diameters below 6 inches and for wall thic} 
nesses less than '/, inch, the 4-flame tip should be used 


for rolling welds, as well as for position welds. The ( 
Table 2—Data for Making Rolling Welds Using the Six- 


Flame Tip flame tip is not recommended for rolling welds on pipe k ra 
Pipe Wall Included Rod per Oxygen Time Dit 
Diameter, Thickness, Angle, Weld, per Weld, per Weld, . os 
In In Deg Lb Cu. Ft Min > 
6 0.250 60 0.34 5 3! 
6} 0.312 60 0. 50 6 3 ep! 
& 0.250 60 0.44 7 } 
& 0.375 60 0.80 12!'/, ( sk 
10 0.250 60 0.52 S 5 | 
10 0.375 60 () 98 1613/5 & - 
12 0.250 60 0.65 9g 5 01 
12 0.375 60 1.08 A) 10 ] 
16 0.250 60 (). 84 13 7 S] 
16 0.375 60 1.50 24! 12! 
Not! Acetylene consumption is about 3 per cent more than 
oxygen 
WELDING ROD 
A new low-alloy, high-strength steel welding rod has ( 


been specially developed for insuring uniformly high 
quality welds in high-strength pipe welded by the multi 
flame gas welding process. This rod develops an average 
tensile strength of 10,000 to 12,000 Ib. per sq. in. greater 
than rods previously used for pipe welding, yet has suf- 7h Operator Is Making « Bel Hote ee eal tietton one of Pipe 
ficient ductility to meet any requirements. 

This rod is particularly suitable for use with the 4- and 





than 6 inches in diameter because the rear preheating 
flames are of little value on pipe of this size. 
Table 3 lists the speeds for both rolling and positio: 
welds on pipe diameters ranging from 2 to 4 inches, using 
' the 4-flame tip. 


Table 3—Welding Speed on Small Diameter Pipe Using 
the Four-Flame Tip 


Pipe Wall Time per Time per 
Diameter, Thickness, Rolling Weld, Position Weld, 

In In Min Min 

2 0.185 l 11/, 

21/, 0.250 13/, 2 

3 0.250 2 21/, 

} 0.250 2'/ 3 


RESULTS ON HIGH-PRESSURE GAS LINE 





A southwestern natural gas company operating hun 
dreds of miles of gas lines recently installed a high 

In This View of the “‘One-Third Roll'’ Method, Two Operators Are Weld- ye : r . a s 
ing the Top Two-Thirds of the Joint pressure, 16-inch line, using the new 4-flame tips and 
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idk; strength welding rod. The results obtained on this 
als; line are interesting as an indication of the greater speeds 
possible with the new rod and tips. 
- The line is 20 miles in length and was completed in 
9 king days. The all-bell-hole method was used on 
the first half of the line and a new procedure, known 
as the ‘‘one-third roll’? method, was used on the latter 
r. is half of the line. 
ver (he pipe used on this line was ]6 inches in diameter, 
deg. with '/4-inch wall thickness. Operators easily averaged 
eed 33 welds per 9-hr. day, with individual daily production 
rod as high as 45 welds in 9 hr. An average of 21 cu. ft. of 


lent oxygen, 21 cu. ft of acetylene and 1 Ib. of high-strength 
for, steel rod was used for each weld. 

Since its completion, this line has been in service carry 
ng gas at pressures in excess of 500 Ib. per sq.in. It has 
already gone through the coldest part of the year carrying 

peak loads without developing any trouble. 


} 


ONE-THIRD ROLL METHOD 


Since the one-third roll method has now been adopted 
by this natural gas company as the standard method of 
pipe line construction, and has been used successfully 
on additional 6-, 8- and 12-inch lines, it might be of 
interest to describe its variations from the all-bell-hole 
eprocet lure. 

Briefly, the pipe joints are lined up and tack-welded on 
skids over the ditch in strings from 280 to 2000 ft. in 
length. A crew of operators first weld the top two-thirds 
of each joint. The weld is started at the 12 o'clock posi 
tion and carried down to the 4 o’clock position on one 
side, then from the 12 o’clock to the 8 o'clock position on 


Hoisting Engine Bed 


By L. O. RICHARDS* 


SS ee ee 


N THE past frames of this type have always been 


3 made of a heavy cast-iron section. In severe service 
; this usually failed at the same points due to tension 
" which would set up in the operation. Compression 

stresses are found in only a couple of points. We, 
- 


therefore, concluded that a frame made up of standard 
rolled sections properly ribbed would take the compres 
sion and tension strains and would give a better guaran- 
tee against break down in case of unavoidable wrecks or 
natural fatigue of the metal. 

The frame in question is to be placed in operation on 
an engine having cylinders 28 inch in diameter by 42-inch 
stroke, carrying a steam pressure of around 125 Ib. 
Hoist is brought from rest to a piston speed of approxi- 
mately 600 ft. per minute in about 5 sec., the throttle 
remaining wide open for another 3 sec. The entire unit 
is again brought to rest in 6 sec. more, making a total 
running time of approximately 14 sec. The hoist then 
stands at rest for a period of from 2 to 2'/», sec., after 
which the cycle is again repeated. This operatiomr 
takes place on an average of about 210 times an hour. 

The hoist handles an up load of 22,500 Ib. and a down 
load of 14,500 Ib. in addition to accelerating and de 
celerating winding drum weighing approximately 40,000 
lb. 

No difficulty was encountered in fabrication of the 
irame. All plates were laid out from templates, and the 
frame cut to the proper sizes. Welding stresses were 
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Robert Holmes & Bros 


Sales Engineer 
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the opposite side. As soon as the string is finished, this 
first gang of operators moves up to the next string, keep 
ing as close to the line-up gang as possible 

When the top two thirds of astring is welded, the entire 
string is rolled one-third of a revolution. This brings the 
bottom unwelded third of the joint to a top position 
convenient for welding. The second gang of operators, 
half the number of the first gang, then weld up the re 
maining one-third of each joint in the string. This leaves 
one overhead weld to make on each string where it is tied 
into the main line. 


FIELD DATA ON SIX-FLAME TIPS 


Reports from the field on the 6-flame tips indicate con 
siderably greater speeds than those formerly obtained 
with the 3-flame tips for rotating welding 

On one 6-inch pipe line with inch wall thickness 
and a 50-deg. angle of bevel, rolling welds were com 
pleted in 3'/, to 4 min. with the 6-flame tips. On 
S-inch line with °/,5-inch wall thickness, the overall time 
per joint averaged 4 to 5 min On still another 
operators easily averaged 40 rolling per 
day. 

The new 6-flame tips have also 
valuable for double-lengthening pipe 
consisted of double-lengthening 12 miles of 10-inch di 
ameter, */3-inch wall pipe, 6-flame tips resulted in a saving 
of 20 per cent over methods formerly used. On another 


all 


line, 
welds S-hr. 
ved particularly 
On one job which 


pre 


job, welding time averaged from 7 to 9 min. per joint for 
double-lengthening 16-inch pipe, with an estimated 
crease of S to 10 welds per man per day over that ob 


tained with 5-flame tips 








relieved by No difficulty developed from 
welding strains or warping the plates. Finished 
weight of the bed will be approximately S000 Ib 

Frame will be placed in operation at one of the large 
Peabody Coal Company mines in southern Illinois 


peening. 


of 
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HELPING THE JOB SHOP WELDER 





By J. C. GOWING?t 


HIS paper is presented in the hope that it may give 

some assistance to the person or persons who con- 

template entering the business of job welding or, 
we may say, a weldery, or are now operating as such. 
We will assume that they are just entering this venture 
as there are several problems which are common to the 
several classes of the job welding business and we will 
consider their separate problems later. 


LOCATION 


The first, naturally, is the location. Their qualifica- 
tions and past experience will help to determine this. 
If they are familiar with the problems of an agricultural 
community, then the shop in a community of this kind 
would be most desirable. If familiar with the problems 
of manufacturing institutions, then establish a shop in 
one of the industrial centers of a large city. If one has 
a knowledge of the oil industry problems, then locate in 
or near a good oil field. Excellent opportunities will also 
be found in mining communities and on water fronts for 
marine repairs and construction. 

The shop should be located as conveniently as possible 
to the greatest number of probable prospective customers, 
thus effecting economy in transportation, solicitation, 
and to be better able to render the customer quick and 
efficient service. 

Careful consideration should also be given as to 
whether the area has sufficient prospective business to 
support the shop, and with ample opportunity to in- 
crease that business once started. Too many shops in a 
community usually cause undue competition and con- 
sequently, price cutting, which will eventually be ruinous 
for one or all. 

The local utility company furnishing electric power 
should be consulted to see that the location can be or is 
served with ample current for the operation of arc weld- 
ers and other power tools without excessive installation 
and stand-by charges. 

A visit to the City Hall to secure information as to 
yearly cost of business permit and of restrictions gov- 
erning their business in that particular locality is ad- 
visable. 





* Presented at Western Regional Conference, A. W. S., Los Angeles, Calif., 
March 21-25, 1938 
t J. C. Gowing Company 
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Fig. l1—A Welding Unit Mounted on Wheels 
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Convenience to their source of supplies, rent and labor 
conditions are also matters of importance in selectins 
proper location. 


ESTABLISHING THE BUSINESS 


Having determined the location, then come numerous 
details and preparation before the actual solicitation for 
business. If other than one individual is entering 
business, a competent attorney should be consulted with 
regard to formation of a partnership, a corporation, a 
company: or an individual operating under a fictitious 
name. It is always much easier and less costly to con 
sult the attorney before rather than after trouble arises 

Accurate records and books must be kept as our 
National, State, County and City governments will 


from time to time, require information as regards Sales’ 


Tax, Use Tax, Social Security, Compensation, Income 
and other taxes. Therefore, it is advisable to have ; 
reliable accounting firm set up books and records suitablk 
to their individual needs. 

The necessary business cards, stationery, invoice and 
statement forms must be printed. Equipment and sup 
plies must be purchased. 


THE EQUIPMENT 


There is an old saying, ‘“‘A man is known by the com 
pany he keeps.’’ So is the job shop known by the equip 
ment and workmen it keeps. The shop with the modern, 
clean, efficient equipment and good workmen, secure th« 
larger portion of work and the best prices. 

Old torches, gages and hose are wastrels of acetylene 
and oxygen, nor when they were new did they do as 
efficient work as the modern equipment of today. Ar 
welding, with its tremendous strides of the past few 
years, leaves the old generator as antiquated as the hors« 
and buggy. If the job shop operator is considering new 
or additional equipment, consider carefully the moder 
equipment and all the advantages it has to offer and buy 
that equipment of ample size or capacity for their future 
needs, and of a type most suitable to their work. 

Often there is a very definite need of economy, especi 
ally in the arc equipment where the investment is rather 
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Fig. 2—Welded Horse Trailers 














If used equipment is purchased, extreme care 
i be taken in its selection. 
the matter of the gasoline engine driven arc welder, 
have purchased just the generator and constructed 
own set, using either new or used engines. Many 
llent sets as well as many inferior ones are being used 
the cost is varied (Fig. 1). 
ie shop’s workmen or welders have at times close 
tacts with the customer, especially where the work 
ing done in the customer’s place of business. A man 
pleasing personality and one who goes about his work 
, thorough, workmanlike manner creates a favorable 
npression, and a contact from which they may expect 
ntinuance of patronage. 


SOLICITATION OF BUSINESS 


Solicitation of business is usually accomplished in 
several manners: advertising in the local telephone di 
rectory, newspapers and trade journals, and by personal 
solicitation. The solicitor or owner should be well in- 
formed on welding and fabricating procedures so that 
he can readily analyse the customer's problems giving 
him approximate estimates on repairs and new con- 
struction and on prices of welded articles the shop is in a 
position to furnish, thus pointing out to the prospect the 
advantage of welding as an economical maintenance 
and fabricating method. 


OPPORTUNITIES 


Each locality presents its various opportunities, some 
very wide in scope and others rather highly specialized. 
[he job shop in the small community or agricultural 
district requires a rather wide experience in both electric 
and acetylene welding. Their problem is mostly one 
on many small and varied jobs as their opportunities for 
work lie in repair on many smaller articles such as 
lawn mowers, automobile repairs, fender welding, small 
cast-iron castings, repairing and reinforcing farm ma- 
chinery, tractor repairs. 

Hard-facing applications are many and varied for this 
type of shop, such as: pick points, plow shares, disks, 
cultivator points, tractor tracks and pads. 

This type of work shows great profit to both customer 
and shop and the manufacturer of the various hard- 
facing metals should be consulted frequently in a search 
for new applications and the proper material to use on 
those various applications. 

Many items of use to the farmer, rancher and merchant 
of this type of community can be fabricated by welding 
from standard steel shapes readily available from their 
supply house, such as: horse and cattle trailers, gates 
fabricated from new or used pipe, ornamental iron work, 
small and large tanks, storage bins, etc. 

In connection with manufactured articles by the job 
shop welder, one shop, in addition to their regular work, 
is building horse trailers as shown in Fig. 2. 

The frame is all-welded steel, using 1'/2 x 1'/2 x */16, 
angle, 2 x 2 x */,. angle, 3-inch channel, 3-inch I beam 
and 3-inch pipe. 

he axle hub is from used or junk Packard automobiles 
and the 3-inch pipe for the axle. Plywood and lumber for 
the body bolted to the welded steel framework. 

These trailers are very neat in appearance and sturdily 
built to give long service. The selling price ranges from 
$250 to $450 depending upon size and construction. 
Some are equipped with compartments for feed and har 
ness. Air brakes are optional for an additional charge. 





The shop owner states that their profit on these trailers 
is approximately 65% and that during the past IS 
months they have built and sold over 100 of such trailers 

The oil field shop along with general repair work finds 
pipe welding their biggest business—rigging up for 
new oil or gas wells, welding field lines and boiler con 
nections. The operators in these shops should be pro 
ficient in accurate cutting, fitting and pressure welding of 
pipe. 

Hard-facing on oil tool bits and wearing parts on the 
heavy machinery also furnish a large part of the income 
of this type of shop. 

The very necessary part of equipment for this shop 
is a portable welding outfit consisting usually of a gasoline 
engine driven arc welder, acetylene generator, torches, 
grinders and other tools usually mounted on a truck 
In other words, a fairly complete portable welding shop 
Twenty-four hour service is usually available at this 
shop. 

The industrial shops’ greatest opportunity lies in their 
ability to develop maintenance service to their indus 
trial customers and to develop applications to reduce 
wear on machinery parts. There are literally thousands 
of these problems in manufacturing centers and it is a 
wise shop owner who studies these problems and is pre 
pared to intelligently handle them 

A canvass should be made of the nearby manufac 
turing plants and the plant superintendent or main 
tenance man contacted. Learn the nature of his most 
frequent breakdowns and the parts of his equipment 
suffering the most wear and suggest methods of hard 
facing and quick repair by welding. Many cast-iron 
parts fail in service and are often difficult to replace 
quickly. Shut downs are expensive. Many broken 
castings can be quickly and, economically replaced by 
welded steel. Know your opportunities and cash in on 
them. 

The shops in mining districts and those specializing in 
marine construction and repair have problems similar 
to those mentioned and also their specialized work so 
their possibilities are only as great as their ability to 
render a needed service to their community 

Most metals in use today are weldable with the cor 
rect materials and technique and this information can 
usually be obtained from the manufacturer or from the 
manufacturer of welding equipment or welding elec 
trodes. There are also many good trade journals on the 
subject of welding which will keep the shop owner posted 
on late methods, materials and applications and at least 
one or more of these magazines should be subscribed to. 


CODES 


Many welding applications, repairs and manufactured 
articles are governed by regulatory codes and care should 
be taken to see that the work done and material used 
meets these various specifications and requirements 


COST AND RECORDS 


loo much stress cannot be laid to the importance of 
accurate records and cost data, inasmuch as most job 
shops charge for their work either by the hour or by a 
set contract price for the completed ob The time 
clock with the accompanying job card will give the owner 
a fairly accurate cost record and description of each job 
This record should consist of the following: time, labor, 
welding wire, material, power cost, acetylene and oxygen 
and overhead 
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The cost of the labor is definitely fixed at a price per 
hour. The welding wire is the same, as this amounts to 
the pounds consumed at a certain price. Other ma- 
terial such as steel going into the job has a fixed cost. 
The power cost is more or less approximate. However, 
the manufacturers of arc-welding equipment will furnish 
the approximate cost of power consumed for the various 
size welding rods at their average welding heat. Like- 
wise, the manufacturers of torches and the suppliers of 
acetylene and oxygen will furnish charts and information 
as to the approximate consumption for the various tip 
S1Zes. 

Overhead is usually charged as a percentage of the 
known fixed cost of the job, and is that cost of operating 
the business which must be pro-rated among all of the 
jobs done over a period of time as monthly or yearly. 
The total overhead of a shop consists of such charges as 
the following: rent, telephone and telegraph, advertising, 
insurance, interest, heat, light, depreciation of equip- 
ment, postage, printing and stationery, taxes, auto- 
motive upkeep, fluxes and other supplementary ma- 
terials not chargeable to any particular job; and un- 
productive labor such as stenography, bookkeeping, 
solicitor’s and foreman’s wages or salary. 

This overhead cost per month should be known to a 
reasonable degree of accuracy and knowing the total 
fixed cost of all jobs done in the same period of time, the 
percentage of overhead can be calculated. Then adding 
a reasonable percentage for profit, you have a fairly 
true picture of each job and a record that will materially 
assist in estimating future work. 

Let us look for a moment at a recent job brought to a 
shop for welding. It is a small pressure vessel used in 
conjunction with a piece of equipment manufactured for 
the dry cleaning industry. All material to be welded 
was furnished by the manufacturer. 

The vessel is 18 inches in diameter and 40 inches long, 
and of */,»s-inch plate. The manufacturer had purchased 
the shell with the longitudinal seam already welded. 
The bottom of '/4-inch material was dished and to be 
welded 2 inches from the bottom of the shell with !/, 
fillet weld, a ring | inch x 1 inch to be welded flush to the 
top of the shell on the outside, the weld to be on the 
bottom of this ring only and to be a */s-inch fillet; four 
cast-steel clamp connections to be welded to the side of 
the shell with '/,-inch fillet, 10 inches of welding on each; 
four clamp connections to be welded to the head with 
1/,-inch fillets, 7 inches of welding on each; one 6-inch 
clean-out outlet of cast steel to be welded near bottom 
of shell with '/,-inch fillet, two */4-inch connections, one 
'/,-inch connection, and two 1'/2-inch connections to be 
welded into the shell. 

Having several of these to weld, the first operation was 
to lay out and cut the holes in the shell for connections. 
The cutting time amounted to 5 minutes each. His 
manufacturer's chart told him that with a No. | cutting 
tip his oxygen and acetylene cost was five cents. 

His time for laying out, cutting, tacking in of con- 
nections, head and ring amounted to an average of one 
hour per unit. 

His final operation was welding and with the exception 
of the smaller connections */;s-inch heavy coated elec- 
trodes were used. His time he found to average one 
hour and five minutes each. He consumed 6 pounds of 
welding rod at twelve cents per pound. 

The electric current consumed was his average welding 
current, 200 amperes at 25 volts at the arc, or 5 kw. 
Figuring the machine at welding time and idle time as 
50% efficient, gave him 10 kw. This current cost was 
three cents per kilowatt hour or thirty cents per hour for 
current consumed. 
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His overhead being approximately 33'/;%, he now 
the following picture of the job: 


Labor at 2 hours, 5 minutes at $1.00 per 


hour $2.08! 
Oxygen and acetylene O05 
6 pounds welding rod at 12¢ 42 
Electric power, | hour, 5 minutes 2/4 
Total $3.18 
Overhead 1.06 
Actual cost $4.24 


He could easily have estimated the cost of his actual 
welding operation by consulting one of the welding equi; 
ment or electrode manufacturer’s charts compiled for thy 
purpose. In fact, one chart the writer consulted, states 
that the cost of '/4-inch fillet in the down-hand positi 
costs nine cents per foot and */s-inch fillet in the dow: 
hand costs 19 cents per foot. Considering the abo 
problem, he has 159 inches of '/,-inch fillet and 56 inches 
of */s-inch fillet, or for ease of calculating 13 feet 
'/,-inch fillet and 5 feet of */s-inch fillet, or a cost 
$2.12 which includes labor at $1.00 per hour, rod co 
and power consumed. It does not, however, consider 
overhead. The above cost for the actual welding was 
$2.13. 

This would tend to show the value of these charts in 
the estimating of welding costs. 

Shops that charge by the hour should look very car 
fully into their various costs, and if a flat rate per hour 
is charged, the rate should be only for the operator and 
equipment and a separate charge in case of the ar 
welder for welding rod cost as the rod cost on stainless 
steels, hard-facing applications, and alloy steel would bé 
much higher than mild steel applications. In the cas: 
of the acetylene welder, the acetylene and oxygen co 
sumption would vary greatly with the type of work and 
size of tip used. 

In the case of portable work away from the shop, 
reasonable mileage charge to the customer’s place 
business and return should be made. 

In conclusion, I might say Welding is in its infancy 
It will continue to grow, its opportunities increase and 
the job shop owner who will grow and prosper is the mat 
who will keep apace with this growing industry and its 
developments, and efficiently render a needed service t 
his community. 
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LEAD WELDING, 


OR “BURNING” 








By F. E. ROGERS | 


ual EAD, a bluish-white metal, very soft, pliable and 
lip ductile in the commercially pure state is widely used 
the for linings in vats and tanks, and for containers 
ites and pipes carrying corrosive and semi-corrosive liquids, 
lon especially in chemical plants. Lead sheets are used also 


NI for covering the wooden frames of machines, tables, 
vi stands and floors in such plants where cast iron or other 
metals and materials exposed would quickly be disinte 

erated by the acids and alkalies employed in the processes. 
Lead in sheets and pipe is used also for water lines, 
nks, swimming pools, X-ray room linings, protectors 
shower rooms, toilets, urinals and bathrooms: 
valleys, gutters, leaders, flashings, cornices, 
on metal pipes and electric cables and for 
many other purposes above and below ground because 
f resistance to air, water and soil corrosion 


der undet 
for roofing 


ithings 


IMPERMEABLE JOINTS REQUIRED 


ESS For most if not all the foregoing uses and others not 
be far named, it is necessary that the seams or joints be 
Ast made impermeable to liquids. The jointures must be 

water- or acid-tight at the outset, and they should remain 
nd © indefinitely which indicates that the joint metal 
therefore, should have substantially the same corrosion 
resistance and tensile strength as the or parent 
metal The requirement means, as a rule, that the 
seams must be autogenously welded, that is, fused to 
gether using a lead filler metal of substantially the same 
I analysis as the base metal. The process required for 
al jointing acid containers is essentially different from ‘‘lead 
wiping,’ both in the method of forming the joint and in 
the make-up of the filler metal. Wiped joints are made 

with an alloy of lead and tin, or solder, commonly 60 

per cent lead and 40 per cent tin which melts at about 

LOO whereas an autogenously welded joint will be 


base 


-_ I 


all lead, melting at about 621° F. 


LEAD ‘“‘BURNING"” 


Lead burning so-called is the welding of lead with a 
gas torch or blowpipe, using a combustible gas and com 
pressed air, or oxygen. The edges of lead sheets are 
butted or lapped. They are fused and flowed together, 
using no solder but only ‘“‘chemical’’ or commercially 
pure lead to fill and reinforce when and if a filler metal 
is required. The term lead “burning’’ therefore is a 
misnomer as the lead is not burned but instead is fusion 
welded with the torch, as are other metals. The methods 
employed in lead welding practice differ quite widely 
from those used for other gas welding applications, how 
ever 


ORIGIN OF LEAD WELDING 


lechnique of making up the joints in lead pipe plumb 
ng found buried under Roman ruins more than 2000 
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old is not fully kn im that the 


years wi some Cla 
joints were made by pouring molten lead upon the pipe 
while cased or molded in sand, the operation being es 


sentially the same as ‘‘burning-o1 
casting parts, an operation 
foundries before the 
Chey may also have been soldered with a lead-ti 
melting at a lower temperature than lead 
The origin of lead welding with the gas torch as now 
known dates back little 
In 1837 a French engineer 
vented or developed the first air-hydroge 
compressed air from a hand or foot bellows a1 
generated from zinc and sulphuric acid for the 
] 
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welding of lead sheets and ead pipe Hence, kl id weld 
ing as a separate and distinct proc for jointing lead 
as distinguished from lead casting or “‘burning-o1 and 
soldering or ‘“‘wiping”’ is considered as having originated 
about 1837 
USES FOR LEAD WELDING 

lhe lead welding process 1 employed in applying lead 
sheet linings ranging from nch t ne inch or mort 
thickness to sulphuric acid and other tanks in chemical 
plants, fertilizer factories, rubber reclaiming worl 
electroplating shops, artificial lk or rayon factori 
nitroglycerine huts and industrial plants in general that 
employ corrosive liquids requiring impermeable lead 
lined tanks and pipe line 

In other special fields, su is Storage battery manu 
facture and repair, lead welding has become of increasing 
importance. Widespread and well-nigh universal uss 
of storage batteries for railway passenger car lighti und 
automotive car and truck lighting and engine starting 
have created demand for lead welding equipment, gas 
and supplies in storage battery manufacturing plants 


garages and battery service stat These places em 
ploy lead welding in making up the lead plate or grid 
connections and terminals Chere is, however, a wide 
difference between the practices of lead lining tanks for 
chemical plants and making up storage battery parts 
rhe following notes pertain chiefly to lead welding of 


] 


sheet and pipe used in storing carrying corrosive 
chemicals 
CHEMICAL LEAD 

Lining and pipes for acid tanks and lines are made from 
so-called ‘“‘chemical’’ lead as distinguished from othet 
lead. Chemical lead does not differ greatly in purity 
from the purest commercial lead as will be apparent 
from an inspection of the composit: it standard grads 
of lead, Table 1. In this Table are compared chemical 
purest commercial and common lead Lead from the 


mines of southeastern Missouri, contai 


ties of silver, copper and nickel | 
cal tank lining 


chemical’ by 


small quanti 
ing preferred for chemi 
service, has received the designation o 


common consent not because of 
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Fig. 1—Tools Used in Lead Welding, Comprising Handsaw, 
Mallets, Pliers, Scrapers, Chisel, Rasp, Snips, Cutter, Bur- 
nisher and Welding Rods 


Fig. 2—Operator seepios a Joint in 8-Pound Sheet Lead to 
Prepare It for Welding. All Oxide Must Be Removed 


Fig. 3—Samples Prepared for Welding 


Fig. 4—Making Reinforced Ripple Butt Weld, Level Seam, in 
16-Pound Lead, Oxy-Calorene Flame 
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purity but for its general adaptability to chemical 
including, of course, weldability. 


Table 1—Composition of Standard Grades of Lead 


Purest Corrod 
Com Com for 
Chemical mercial mon White | 
Silver (Ag 0.0068 0.00055 0.0005 0. O01 
Copper (Cu 0.062 0.0003 0.0003 0.00% 
Arsenic (As None Trace Trace Tra 
Tin (Sn) None None Trace Trac 
Antimony (Sb 0.001 0.0012 0.001 0.001 
Bismuth ( Bi Trace Trace 0.089 0.004 
Cadmium (Cd 0.0008 0.0006 0.0003 = Trace 
Zine (Zn 0.0002 0.00024 0.0001 0.0008 
Iron (Fe 0.0002 0.0003 0.0004 0.0008 
Nickel (Ni) 
and Cobalt (Co 0.0048 Trace 0.0004 0.0002 
Manganese (Mn) Trace Trace Trace Trace 
Lead (by diff.) 99 .924 99.9968 99.9090 99.9528 
Table 2—Physical Properties of Lead 
Atomic weight 207 . 22 
Atomic volume 18.27 
Density 20° C. (68° F.) cast 11.34 
327 .4° C. (621.3° F.) solid 11.005 
327.4° C. (621.3° F.) liquid 10. 686 
550° C. (1022° F.) liquid 10.418 
Melting point, 327.4° C 621.3 F 
Boiling point, 1525-1620° C 2777-2948 F 
Thermal conductivity 0°C (32° F 0.083 
Coefficient linear expansion, 
17—-100° C. per degree C 0.000029 
Coefficient linear expansion, 
62.6-212° F. per degree F 0.0000 1¢ 
Brinell hardness 3.2 tof 
Elastic limit, lb. per square inch 284 
Tensile strength, lb. per square inch 1900 
Modulus elasticity in tension 800,000—2,000 


ANTIMONY LEAD 


Because of high specific weight, low-tensile strengt! 
and pliability sheet lead linings of deep tanks are likel) 
to ‘‘crawl,’’ buckle or tear if supported at the top only 
or if not reinforced. To meet such conditions in th 


chemical industry, lead, containing, say, six to twelv 


per cent antimony, is used, or chemical lead in the thicker 
sections strengthened by antimonial lead bars running 


the full length of the sheets. This reinforcement is n 
unlike the principle, the steel reinforcing bars in c 
crete. 

Lead containing six per cent antimony has near 
twice the tensile strength of chemical lead and ten time 
the elastic limit. The alloy is lighter than chemical lea 
also which fact favors its use where greater strength tha 
that of chemical lead is required. Thus, the weight 
six per cent antimonial lead is 95 per cent of chemi 
lead while the weight of lead containing ten per c¢ 
antimony is about 92 per cent of equivalent chemi 
lead. 

Antimony lead is used with exceptionally good result 
for self-supporting ducts, vats and especially on ray 
spinning machines where a backing of other metals or m 
terials is not necessary to hold it in shape. Such bac! 
ings are necessary if soft or chemical lead is used. 

Although resistance to corrosion of antimony lead 
somewhat less than that of chemical lead, it is sometim« 
better to sacrifice four to eight per cent corrosion r 
sistance, and gain the heat-resisting qualities of this lea: 
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Table 3—Chemical, Six Per Cent and Twelve Per Cent 


Antimony Lead 


oY 129° 


C = /( 
Chemical Antimonial Antimonial 
Lead Lead Lead 
Melting point or range 620° F 177-545 ° F 477° F 
Specific gravity 11.36 10.88 10.45 
Weight per cu. ft 710 Ib 677 Ib 654 Ib 
Weight per cu. in 0.41 Ib 0.392 Ib 0 377 Ib 
ile strength in psi 
Rolled 2300 4100 
Extruded 3300 3800 
Cast 6700 7300 
efficient of linear ex- 
pansion per degree F. 0.000016 0.000015 0.0000145 


TELLURIUM LEAD 


Tellurium lead which was developed in Great Britain 
a few years ago and which is being used quite extensively 
in the United States because of superior tensile strength, 
fine grain size and chemical resistance is virtually pure 
lead containing less than one per cent tellurium. 

Tellurium sheet lead can be bent double and hammered 
without fracture which fact coupled with excellent weld 
ability makes its application to large acid chambers ad 
vantageous, especially where subjected to vibration. 
Welding procedure is essentially the same as with chemi 
cal lead except that filler or “‘burning bars’ should, of 
course, be made of tellurium lead in order to assure a 
homogeneous joint structure. 

This lead alloy is particularly valuable for situations 
requiring heat resistance as well as corrosion resistance, 
that is, for example, where chemical reactions and steam 
coils develop temperatures up to 200 to 220 degrees, or 
higher. 


CONDITIONS AND EQUIPMENT FOR WELDING 


Considerable special skill is required of a lead welder 
to unite lead sheets rapidly and uniformly in all posi 
tions, that is, downhand or flat, horizontal, vertical and 
overhead. The beginner is likely to overheat and tuse 
or ‘“‘burn”’ holes through the joint, to say nothing of his 
difficulties in making welds rapidly that measure up to 
the exacting standards of lead joint work. The trade of 
lead welding may be learned, however, in a reasonable 
period by an intelligent workman provided he has com 
petent instruction and suitable equipment. Success de 
pends on good tools, thorough preparation, clean surfaces, 
suitable torch equipment, combustible gas used, chemical 
lead and proper working conditions as well as the skill of 
the operator. 


BUTT AND LAP JOINTS 


Two forms of joints are used with sheet lead—the butt 
and simple lap seam. Both are employed in lining tanks 
and vats, and also in welding lead pipe. A butt joint 
is that made by placing two sheets edge to edge while a 
lap joint is one in which the sheets are overlapped one 
above the other. A butt joint may be either with square 
or bevel edges, depending on the weight of the sheet. 

In preparing a butt joint for the heavier weights of 
lead where filler metal is used, the edges should be 
trimmed straight and then beveled to an angle of 75 to 80 
degrees. Two edges thus beveled make a vee having an 
included angle of 25 to 30 degrees when set opposite for 
welding. 
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Fig. 5—Lead Sheets, Edges Scraped for Butt Weld 








Fig. 6—Butt Reinforced Weld in 4-Pound Sheet Lead, Ripple 


pace Inch 


Fig. 7—Split Joint in 2-Inch Inside Diameter Extra Strong 
Lead Pipe. Bottom Welded from Inside of Pipe. Light Lines 
Show Split Welds 


Fig. 8—Beveled 30-Pound Lead Sheets Ready for Welding 


The upper and lower sides of both sheets are scraped 
clean and bright to remove all lead oxide back at least 
one-half inch from the edges, using a sharp ‘‘shave 
hook. Che edges are placed close, and tacked, placing 
the tacks about one foot apart on heavy lead, and the 
groove or vee between is filled with molten lead fused 
with the torch from the end of a welding rod or ‘ burn 
ing-bar. 

Che welded seam usually is reinforced with lead which 
when applied in the downhand position flows and forms 
peculiar overlapping patterns, varying in spacing and 
width with the weight of the lead sheet and size of the 
burning-bar. The spacing and to some degree the pat 
tern are controlled, of course, by the welder in fusing 
and dropping the molten lead on the joint 

Butt joints are not much used in tank and vat linings 
however, except the linings be made with very heavy 
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Fig..9—Butt Welding 4-Inch Lead Pipe Oxy-Calorene Flame 


| Fig. 10—Lead Welding Bottom to Acid Pot, Oxy-Calorene 


lame 


Fig. 1l—Making a Vertical Lap Weld, Using no Filler Rod, 6- 
Pound Sheet Lead 


Fig. 12—Samples Oxy-Calorene Flame Welded Lead Joints and 
Prepared Pieces 
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lead, so thick in fact that it is rarely used. In so) 
chemical industries the larger investment required 
accepted, however, because of the longer life and redy 
interference with process flow. 

When making butt joints all thicknesses up to, sa 
12 pounds per square foot (°/i-inch thick) are butt 
with square edges, and are generally welded with filler 
welding rod. Edges of sheet lead heavier than 12 pour 
per square foot are beveled as previously described 
form a vee groove of about 25 to 30 degrees includ 
angle. Whether square or bevel preparation, the lead 
oxide must be thoroughly removed from both sides clos 
to the joint. The reason for removing the oxide fron 
the far side is the presence of oxide at the edges inte: 
feres with the flow or penetration of the molten lead 
through the joint, whereas if clean a slight reinforcement 
will be a result. 


HOW BUTT JOINTS ARE WELDED 


When welding a lead butt joint with filler from a bur 
ing-bar the flame envelope or streamer is played on th 
edges of the sheets until the metal is softened but is stil] 


too stiff to flow freely. Lead is added from the filler rod d 
by fusing from the end, also with the flame envelope, gi n 
ing the torch and filler rod a periodic up-and-down and V 
forward movement which deposits the required amount of I 
molten lead at each forward step. V 


The deposited lead flows down between the bevek 
edges and fuses them together with the bond, and forn 
a reinforcing pattern on top. The shape and thickn« \ 
vary with the thickness of lead, weight of the filler r 
size of flame and amount of lead deposited at each mo, 
ment. The next application of lead fused from the fill 
rod, if accurately spaced, flows into and overlaps that 
just previously laid down. The lead welder progresses i 
the manner described, laying down drops or rathet 
‘“‘globs’’ of molten lead evenly spaced along the joint, thu 
making an attractive chain pattern. 


HOW LAP JOINTS ARE WELDED 


Lap seams are mostly used in tank linings, especially 
the vertical joints when a smooth surface is not required 
In making up a lap seam, the upper sheet should lap over 
the under sheet one to one-and-half inches. The lapping 
surfaces and upper edge—three surfaces in all—must b« 
made scrupulously clean by scraping all oxide off with 
the shave-hook of a hook scraper. When cleaned, they 
must not be soiled with the hands or by touching other 
objects. 

When making a lap lead weld, especially in a vertical 
joint, the torch flame is directed close to the edge of the 
upper sheet. No burning bar or filter metal is used 
Manipulation of the torch flame is quite different from 
that employed when making flat or downhand welds ot! 
either the butt or lap type. Not much lead can be 
melted at a time because of the difficulty of control and 
probability of running off and dropping. The overlap 
ping edge is “carved’’ with the flame, that is a lunar 
shape is cut out or fused and the molten metal slide 
or slips down upon that previously carved out where 11 
coalesces and hardens. 

The lead welder sometimes uses a tool—a shave-hool 
for example—to hold the lead sheets closely together: 
and also to accelerate chilling the fused lead should it 
tend to slip down too far, or drop off entirely. 

The fusion welding process on vertical lap seams, th« 
same as on flat butt seams on which filler metal is ap 
plied, is a succession of in-and-out and progressive torc!l 
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ements with each application of the flame, but the 





iced , is also moved sideways about one-fourth inch, thus 
rving’’ out a section of the upper sheet edge which 
Say, fuses, flows down and comes to rest upon the previous 


{ted deposit. 


‘ " WELDING EQUIPMENT AND GASES 
l to 
ded femperature required for fusing lead for welding is 
ead low in comparison with that required in welding cast 
lose iron, or steel, being of the order 610 to 625° F., as com 
rom pared with 2000 to 2700 degrees for cast iron and steel. 
ter Hence, hydrogen or city gas are as a rule used in prefer 
ead ence to acetylene on the lighter weights of sheet lead. If 
ent high temperature acetylene is employed, it means smaller 
tips than when using hydrogen. 
‘Small light torches are used that can be easily handled 
Old-time lead burners were trained to use hydrogen 
generated with acid and zinc) and compressed air, but 
the introduction of oxy-gas welding equipment and com 
r pressed oxygen, hydrogen and acetylene in convenient 
the cylinders has changed lead welding practice to a consid 
till erable degree. However, very simple and cheap torches 
rod are employed as a rule with hydrogen, consisting of little 
iN more than a light tube bent to a gooseneck and fitted 
ind with separable tips. The mixed gases are supplied by 
of means of a light rubber tube connected to a bench-block 
which carries the adjusting needle valves. This arrange 
led ment enables the operator to adjust the valves to the 
ns flame he desires, and then he can go ahead with his 
ess work without danger that the flame may be changed 
by accidentally touching the valves as might happen if 
% the valves were on the torch. With the primitive torch 
le just described, in the case of a flashback about all that 
at happens is the rubber tube is blown off the bench-block 
as it is not wired to the gland. 
1€1 The lead welder necessarily becomes expert in working 
us lead within narrow temperature limits. He must heat 
the metal at the joint to the near fusing point but not so 
much that it becomes too fluid and drops away. He must 
scrupulously clean the joints and avoid touching them 
with the hands or anything unclean, as the slightest 
trace of oil or grease will give trouble. The first opera 
in tion to be learned is to choose the tip size and regulate 
d the flame. The volume of heat necessary will depend 
el upon the thickness of lead being burned and to some ex 
ng tent on the surrounding conditions and the backing 
be 
2 WEIGHT OF LEAD, AND SIZES OF BURNING BARS 
eC! 
Lead sheets, 2, 4, 6, 8, 10, 12, 16, 20, 24, 30, 40 and 
al even 60 pounds to the square foot are used in chemical 
7 plants. Thus, twelve thicknesses of lead, ranging from 


d 2 pounds to the square foot to 60 pounds to the square 
loot, the latter being thirty times as thick as the former, 


f are presented for welding. Hence, it is quite apparent 
° that the lead welder must be able to regulate and adjust 
d his flame to a wide variation in the thickness and weight 
of lead. 

? A lead welder of long experience is shown using a 


torch with a tip, No. 68 drill size (0.031 inch) consuming 
t about 2.6 cubic feet of acetylene per hour. The same 
tip will burn 10 cubic feet of hydrogen per hour at the 


I Same pressure He would use this tip on 2-, 4-, 6- and S 
, pound lead. A No. 62 drill size tip (0.0380), with hydro 


, gen, should be used with 10-, 12-, 16- and 20-pound lead 
An oxyacetylene torch with a neutral flame may be used 
with tips on heavy lead ranging from 24 pounds to 60 
pounds, consuming 2, 5 and 8 cubic feet of acetylene pert 
h hour. 
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LEAD WELDING 


Fig. 13—Flange Weld in |! 


Inside Diameter Extra Strong 


Lead Pipe 
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Diameter Extra 


Fig. 14—Welded Cup Joint in 1 Inch Inside 
Strong Lead Pipe 


WELDING RODS OR ‘‘BURNING BARS"’ 


Che cross section of the lead filler or burning bar 
depends « n the thickness or weight of lead to be welded 
s-inch wire size is recommended for 2-pound and 3 
pound lead; , inch for 3'/»-pound and 5-pound lead 
inch size for 6-pound and &-pound lead; and */, inch 
and '/, inch, depending on the type of seams, for 
12-, 16- and 20-pound lead 


The importance of using lead welding rods of the cor 
rect size for each weight of lead can hardly be over 
emphasized. If the bar is t light, the time required 


to fuse the lead needed for each deposit permits oxidation 
to take place due to the fact that the metal is light and is 
likely to be overheated It ir is used with a 
small flame, the metal does not melt sufficiently to carry 
on the seam, and the seam chills during the lost time 
period while the flame is melting the lead Fusing the 
filler is done over the sheet of « d the time inte 
val between fusing the burning bar and depositing it on 
the bar is too 


irse, al 


the sheet must be carefully gaged. If 
heavy or too light, the proper sequence of heating the 
sheet, fusing the lead, depositing it on the seam and 
on, cannot be maintained as to time interval Chis 
means lost time, irregular work, low speed and oxida 
tion, edges of seams not welded, pits, cold-shuts and other 
defects 
A well-regulated flame of size in proportion to th 
weight of lead and the proper size of burning bar ar 
important also on pipe work, the same a sheet lead 
As previously stated, great care must be taker 


properly scraping all dirt and oxide from the surface with 


the shave-hook before burning. Avoid rubbing the 
hands over the work after scraping. Always use a dust 
brush or counter brush to remove the scrapings or rasp 
ings produced in preparing a joint. 

After the lead 1s scraped clean at the joint, brush the 
shavings away from the seams and from beneath. Dress 
the lead down tight to the tank with a wooden mallet, 
tack the edges together with the torch at, say, every 
foot, but always keep the lead dressed down flat to the 
tank surface. This saves time in welding and prevents 
molten lead getting beneath the sheet. 


LINING TANKS 


Should the welder be relining an old box or tank where 
the wood has been saturated with the contained liquors, 
use a strip of sheet asbestos about three inches wide un- 
der the seams. The bottom of the tank should be wiped 
dry and made as free from moisture as possible. The 
asbestos insures against the acid or liquor soaked into the 
wood from bubbling up through the seams when the 
burning is being done. Watch carefully back of the flame 
to see the bubbles do not break through. Gas will often 
do this between the tank and lining, and of course if this 
happens a defective spot is formed which must be made 
tight. 


Table 4—Weights and Dimensions of Lead Sheets. 
National Lead Company 


Welding 
Weight Thickness Size Tip Rod 
Lb. per _ Sheet Sheet Drill Diam.f 
Sq. Ft Inches Feet * Sizes t Inches 
l 1/64 8 x 20 #72 (0.0250) 
1'/s 1/43 8 X 20 #72 (0.0250) 
2 1/59 4 xX 4 #68 (0.0310) 1 
91 1/94 9 & 45 #68 (0.0310) 1/, 
3 5/64 1O x 45 #68 (0.0310) i/, 
3!/, V/i7 10 & 45 #68 (0.0310) 1/, 
4 1/16 10 & 45 #68 (0.0310) i/, 
5 5/64 10 X 43 #68 (0.0310) l/, 
6 3/39 11.5 X 30 #68 (0.0310) 5/6 
8 1/, 10 x 40 #68 (0.0310) 5/16 
10 °/32 11.5 x 40 #68 (0.0310) 3/. 
12 3/16 ll & 40 #68 (0.0310) 3/% 
14 §/i7 11.5 & 40 #68 (0.0310) 1/s 
16 1/4 11.5 X 40 #68 (0.0310) \/, 
20 §/16 11.5 & 40 #68 (0.0310) 1/4 
24 3/5 ll X 34 #62 (0.0380) 8 
30 I/y ll X 37 #62 (0.0380) &/; 
40 $/;, ll x 24 #62 (0.0380) b/s 
60 l 12 X 12 #56 (0.0465) 6 


* Other sizes of sheets than those listed are available in certain 
weights. 

t Tip drill sizes are for hydrogen up to 20-pound lead, inclusive, 
and for acetylene, 24-pound lead up. Oxyhydrogen is used for 
the heaviest lead also, however 

t No welding rod or “‘burning bar”’ size is specified for 1-pound 
and 1'/.-pound lead. Light lead is generally welded with flanged 
or standing seams, using no welding rod 


Again, where iron tanks are lead-lined, care must be 
taken that gases are not formed between the tank and 
lining. But as this work is in a class by itself the mat- 
ter will not be further treated here except to say that 
gas formed back of linings is one of the major troubles 
that the lead welder must guard against. 

Upright or vertical seams must be scraped, as follows: 
Lap the lead | inch to 1'/» inch, scrape the lower or back 
sheet before the lead is dressed down. Do not fail to 
scrape the under side as well as the outside. This is 
why some lead welders have much trouble in upright or 
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overhead welding. Everything depends in this < 
of work on properly-prepared joints and proper reg, 
tion of flame. Remember also that a drop of metal 
on overhead work must be replaced with one from 
welding rod or burning bar, otherwise the seam will |, 
bad, and it will be hard to start back at the edge of t 
sheet. Overhead welding requires practice and car 
prevent the flame from distributing heat except wher 
the burning is actually being done. 


a 


Table 5—Lead Pipe Sizes Used in Chemical Plants 


Inside Outside Thickness 


Diameter Diameter Weight per Foot of Wall 
Inches Inches Pounds Ounces Inches 
1 4 il 32 0) 4 1 16 
Jf / he 0 8 8 / 50 
‘s. 23/5, 1 9 11 /., 

: 2 5 16 2 ] ad 32 
*/4 16 32 3 0 13/6, 

l |? 1é 4 0 ; 32 
l*/, 1 *3/ a, 4 12 ™/ 39 
|! 2 6 8 Ml, 
2 2! 8) 0 M/, 
3 31/5 12 8 M/, 
4 4'/, 16 12 is, 
6 611/16 24 0 8/1 


Other and larger sizes of lead pipe are available also for special 
conditions 


LEAD PIPE WELDING 


Lead welding is used exclusively for all kinds of lead 
work joints in chemical plants. Wiped or soldered 
joints are seldom or never satisfactory. Flanges are 
used only where lines are to be broken from time to 
time, due to various causes, such as clogging with sedi 
ment or being eaten up by acid or residues and where time 
is an important factor requiring quick repairs. Even then 
only a few flange joints are generally permitted. Most 
joints are welded, making a 100 per cent job, and elimi 
nating leaks almost inseparable from flange joints. 

Washout openings are placed in certain lead pipe 
lines so that they may be cleaned quickly. When such 
a line is a vital part of the operation, all joints should 
be carefuliy welded so that the joints will withstand 
more corrosion than the pipe itself, or, in other words, 
the welding does not pit the wall of the pipe or take any 
lead from the wall thickness. In making such pipe 
joints, always add from the welding rod or burning bar 
to build up the seam or joint. 

The following lead pipe joints are recognized and used 
in lead pipe work: Roll, cup, butt, split, flange, burned 
in, flange using cast-iron or brass flanges, and lap. See 
sketches and table of sizes and weights of lead pipe. 


WELDING LEAD BUTT JOINTS WHEN THE UNDERSIDE 
IS INACCESSIBLE 


Often the maze of lead pipes in a chemical plant ir 
cludes some so laid that the underside is inaccessible for 
welding. When it becomes necessary to replace a sectio! 
and weld it in with butt joints heavy expense would be 
incurred for removing and replacing the underneath 
obstruction, or cutting several side connections and r 
welding. 

In such cases the pipe ends are split back at the top 
two or three inches. Cross cuts are made at the ends 
of the splits about halfway through, or down to the 
middle of the pipe, as shown in Fig. 7. The split parts 
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: pipe are bent outward, thus exposing the inside BIBLIOGRAPHY OF LEAD WELDING 




























: permitting the underside of the butt weld to be a ae ny a ee iene A , 
by working on the inside of the pipe. When the A SM. E., November 30-December 4 
1 weld is made halfway around the cut parts are bent Pn ee a wo. oa V. i 
i. into place and the cross cuts, splits and butt welds Chemical Plumbing, Lead Burning and Oxyacetylene Welding for Plumber 
re made, thus closing the pipe and completing the job ee er ee eee — 
i the ends of the pipe are beveled, the lower halves Lead Burning or Welding, by F. A. Westbrook, M At 
beveled inwardly, and the upper halves as usual spr socal tee tong be dadbr ng —tane Maw 98 
ead ‘Burning’ or Welding, by R \MER A 
\cknowledgment of information and data furnished “Sore ee pecedun ” sia tat hi 
s due to Mr. W. H. Carter of Carter Metal Fabricating  — Homogeneous Welding of Lead to Ir ember 
Co., Buffalo, Mr. G. O. Hiers, National Lead Company, i a 
Brooklyn, New York and Mr. O. G. Kelley of O. G Conditioning, September 1936. % ee 
Kelley & Company, Boston, Mass. bs WA Adame Pot Ou E he ee ee en 


: L. R. Hodell of the Carter Oil Company supervised the 

Longest String of Welded job, with Boris Robinoff and H. M Cool “pe the Na 

Well Casing Is Set in tional Tube Company and R L. Looney, Welding Engi 
cial neer for the Big Three Welding Equipment Company and 

Oklahoma Lincoln Electric Company, also on the derrick floor 

The job was completed successfully without en 
By A. F. DAVIS; countering any difficulties. In testing after the casing 
was set, pump pressure was built up to 1200 pounds and 
HE longest string of welded casing used todate was_ ajlowed to stand for 45 minutes, at the close of which 

set recently by the Carter Oil Company in their period the pressure had not diminished, indicating be 











ad Carter-Harley No. 1 well near Milroy in Carter yond all doubt that the work was a success 
ed County, Oklahoma. The length of the string was 8100 R. W. Kirkpatrick, Division Superintendent, with 
ire feet. ; Glen Howard, Welding Foreman of the Carter Oil Com 
to The National Tube Company's 7 inch O.D., 26- pany and R. L. Looney, clogely inspected the work to 
li pound, range 3, special casing was used. Two types of make sure that all welds had 100 per cent penetration 
ne joints were welded, the ““U”’ bevel on plain end pipe and and a neat appearance. 
en the ‘“V’’ bevel, commonly used on shorter strings. The success of this job opens a broad field for welded 
st + Vice-President. Lincoln Electric Co well casing joints throughout the United States 
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Fig. l—Arc Welding 8100-Foot Well Casing, Fig. 2—Close-Up Showing Line-Up Clamp Hold- Fig. 3—Finished Weld Connecting Pipe on 
Longest Welded String on Record ing Casing Pipe in Position for Welding the doint World's Longest Welded Well Casing 
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NEW LIFE FOR OLD RAILROAD 





By GEORGE G. THOMAS! 


Bridges 


Thirty-Year-Old Steel Spans Strengthened to Take E-60 Loading 


AST year (1937), when the Atlantic Coast Line Rail- 
Ly road purchased a number of 4-8-4 type locomo- 
tives with 65,000-Ib. driving-axle loads, it became 
necessary to strengthen several small steel bridges that 
had been in service for thirty years or more. Orginally 
designed for Cooper’s E-40 live load, they would have 
been seriously overstressed under the new conditions. 
The structures involved include one double-track 
through-truss span (102 ft. in length between end bear- 
ings) and 37 single-track deck-girder spans varying from 
30 to 74 ft. in length and aggregating 1575 linear ft. 
They are all located on the main line, between Rich- 
mond, Va., and Jacksonville, Fla., and between Waycross 
and Albany, Ga. 

Previous experience of the Metal Bridge Department 
clearly indicated that a combination of electric welding 
and riveting would be the most practical and economical 
method to follow applying the reinforcement. The 
program as adopted has required a labor force consisting 
of a foreman, 16 men and a cook. Four men are kept 
in the bridge yard fabricating the steel, while the re- 
mainder comprise the field crew. The field equipment 
includes two 300-amp. direct-current electric welders 
and one 160-cu. ft. air compressor. 

Preliminary engineering for the program consists of 
(1) field inspection of each span; (2) mathematical 


*Reprinted from May 1938 issue Ciosl Engineering Cut 
Civil Engineering 

tMember American Society of Civil Engineers, Engineer of Me 
tures, Atlantic Coast Line Railroad, Wilmington, N. ¢ 


s furnished by 


tal Struc 


analysis of the stresses in each span; and (3) determin: 

of the reinforcement needed in main sections or d tail 
Complete detail drawings are prepared for use of t! 
bridge yard force in fabricating the reinforcement, a 
the same drawings are then used as a guide for the proper 
application of the new material. The analysis of stresses 
is made in accordance with the Rules for Rating Existi: 
Iron and Steel Bridges, 1936, of the American Railway 
Engineering Association. These rules are supplemented 
by the Specifications of the AMERICAN WELDING Socirer\ 
1936, for the Design, Construction, Alteration a1 
Repair of Highway and Railway Bridges by Fusio: 
Welding. 

A detailed description of the work at two bridges will 
suffice to illustrate the methods employed at all sites 
For our first example, let us consider the 30-ft. deck 
girder span shown (with the new reinforcing) in Fig 

Like all the others, this bridge had been designed 
Cooper's E-40 live load. The computed stresses for the 
new locomotives showed the following parts of the spar 
to be deficient: 

|. Flange area, owing to a design and to rust 
ing and mechanical wear during 33 years of service 

2. Strength of rivets cuninaationt flange angles to web 

3. Bearing area of end stiffener angles. 

4. Top laterals and cross frames. 

In the lower right corner of Fig. 1 is an end view of t 
girder before reinforcing, showing the original flang: 
section composed of two angles per flange, without 
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Fig. 1—Typical Reinforcement for a Deck Plate Girder Span 
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Fig. 2—Reinforcement for a Double-Track Through-Truss Span 


cover plates. The deficiency in flange area (Item 1) was 
compensated by applying 14 by */,-inch cover plates to 
the top and bottom flanges and securing them to the 
original flange angles by welding. Attention is called to 
the development in the strength of the new cover plates 
by continuous fillet welds at the ends, followed by inter 
mittent interior fillet welds 3 inches long. 

Before applying the top cover plates it was necessary 
to chisel out the daps in the wooden ties to allow for the 
additional flange width. This was done without dis 
turbing the track. The entire deck was then raised off 
the top of one girder at a time, and the new top-flange 
plate was placed and firmly clamped to the flange angles 
After lowering the deck onto the new plate, the same 
yperation was carried out on the opposite girder. The 
weld fillets were then applied, the work proceeding with 
out interruption except during the actual passage of 
trains. None of these steps involved any interruption to 
traffic 

The new bottom cover plates were installed without 
dificulty. C-clamps were used to secure them to the 
original bottom-flange angles until the weld fillets had 
been completed. 

rhe deficiency mentioned in Item 2 was made up by 
increasing the width of the vertical legs of the flange 
angles by means of 3'/2 by '/2-inch plates, which were 
first riveted to the girder web and then welded to the up 





Reinforcement of End Post 


REPAIRING 


RAILROAD BRIDGES 


standing leg of the original flange angles. Special car 
was taken to prevent the weld bead and the web from 
touching, as only by keeping them separated can the 
original flange-angle rivets be reinforced by the new 
rivets through the plates. The new plates were drilled 
at the bridge yard, and were used as templates for laying 
off holes in the girder webs that were drilled in the field 

rhe deficiency in the end stiffeners (Item 3) was recti 
fied by welding pairs of 5 by |-inch vertical bars directly 
to each girder between the original end stiffener angles 
lhe material for these bars came from a stock of 
bars salvaged from pin-connected truss spans previously 
removed from service 


eve 


The renewal of top laterals and cross frames (Item 
t) required the installation of heavier angles and plates 
than those originally used. Riveted connections wer: 


used because the original rivet holes were available in 
the girders, and because both welding machines were 
busy on other parts of the job. The track was jacked 
up between trains to provide clearance to drive the new 


rivets 

As a second example, let us « sider the 1O2-tt 
double-track through-truss span shown in Fig. 2 Che 
computed stresses for the new locomotives showed that 
the span needed reinforcement in the bottom chord 
and in the inclined end posts. Field inspection showed 
also that the outstanding legs of the top-flange angk 


i 
of the track stringers had bent downward under the ti 
The material for reinforcing the 


gy bottom « 





of End Stiffeners 


Reinforcement 


posts was taken from a stock of salvaged eye-bars 
Che material for repairs to the stringer flanges was new 
In Fig. 2 the end post, with reinforcing, is shown in 


cross section A total of 8 Sq. In. Ol added 
by means of the two 4 by 1-inch bars set edgeways against 
the web plates and stitch-welded in placs 
bottom flange angles 
plates serve as stiffeners to hold the reinforcit g bars 1 


ection was 


is < lose 


as possible The > by .-inch 


position 

Che bottom-chord reinforcement added 6 sq. in. net t 
each bottom chord. The 
rather than welded, in order to develop the 


5 by inch bars were riveted 


new material 


at the joints of the truss. Riveting of these plates left 
the welding machines free for the end-post reinforcement 
and also permitted the new bars to be secured continu 
ously across the joints. Splices were at points in the 
panels away from the joints 

Che new cover plates on the tops of the track stringers 
provide an actual excess of metal Che justified, 
however, because the addition of the plates was mad 
onto the top of the existing flange angl ith no delay t 
traffic, and with no breaking of the track, and (2) becaus« 
the s-Inch thick plates were of such stiffness that the 
bent legs of the flange angle S were pulle | straight bv the 
C-clamps or the fitting-up bolts he nch width of 
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the new cover plates provides the required width for 
weld beads on the lower side of the plate at each edge. 
Also, by projecting beyond the angles, the new plates 
protect them. 

It will be noted that the plates added to the stringers 
on the northbound track were welded to the flange angles, 
while those on the southbound track were riveted. This 
permitted the work to progress simultaneously on the 
two tracks. 

The reinforcement program outlined here was carried 
out under the direction of J. E. Willoughby, M. Am. 
Soc. C.E., chief engineer, Atlantic Coast Line Railroad. 


Radiographic Inspection 


By D. S. JACOBUS* 


R. ISENBURGER, in his recent paper Radio- 
graphic Inspection,’ is certainly correct in saying 


that one of the greatest aids to the introduction of 
fusion welding for important work has been the develop- 
ment of nondestructive methods of testing. 

Radiographing was the turning point in the develop- 
ment of sound and reliable welding and remains a most 
useful tool in the industry. All welded joints cannot, 
however, be radiographed and the question arises as 
to how far one should go in requiring this to be done. 

The A. S. M. E. Boiler Code requires the main joints 
of the drums of power boilers and of unfired pressure 
vessels for hazardous services to be radiographed. 
Nozzle connections may, however, be fusion-welded to 
the same vessels without radiographic examination. 
In ship construction it would be impracticable to radio- 
graph the joints and the use of fusion welding is never- 
theless growing apace in this industry. The same holds 
in the manufacture of many other parts that are now 
joined by fusion welding. 

Radiographing is regularly employed by some manu- 
facturers as a check in securing sound welding even 
though it may not be called for by a construction code 
covering the work. It is useful in checking up welding 
operators when their work is questioned. It is gener- 
ally conceded to be an invaluable aid in securing the 
highest type of construction as called for in the A.S. M. E. 
Boiler Code and in other cases, such as in the welded 
joints of large penstocks. While its merits are beyond 
question, there are certain welds where practice has ad- 
vanced without its use. 

It is the consensus of opinion that circumferential 
joints in the ordinary sizes of power piping need not be 
radiographed. The Code for Pressure Piping of the 
American Standards Association does not require the 
joints to be radiographed or tested by any method other 
than that sample joints shall meet certain physical tests. 

The A. S. M. E. Power Boiler Code allows steam pipe 
not exceeding 14 in. inside diameter which is not in con- 
tact with the furnace gases to be fusion-welded without 
radiographic examination, but rigid qualification tests 
are required for the process and for the welding operators. 

A number of authorities in marine construction are co- 
operating in preparing rules under the AMERICAN WELD- 
ING Society for the fusion welding of piping for marine 
use. As has been pointed out on a number of occasions, 

* Advisory Engineer, The Babcock and Wilcox Co 


t ‘Radiographic Inspection,”’ by H. R. Isenburger, Mechanical Engineer- 
ing, Novemper 1937, pp. 809-812 
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the hazard in marine steam piping is probably gr 
than in any other class of service. Those working 
the rules appreciate this feature. In a tentativ: 
which was published in THE WELDING JouRNa: 
the purpose of eliciting discussion the welded 
are not required to be radiographed, provided the, 
inspected by the paramagnetic-powder method. 

Considering all of the evidence before us, Mr. ( 
is certainly correct in his conclusion™ that X-ray exami) 
tion of the welded joints in question should not be n 
mandatory. 

O. R. Carpenter,* who has had extended experience i; 
radiographing in field-weld inspection, holds the follow 
ing views. 

“The application of X-rays to field work has been r; 
tarded because of the lack of suitable equipment. Thy 


iter 


iC 


to that described in Mr. Isenburger’s paper, in the field 
The positioning of such X-ray equipment (which in 
cludes a 150-lb. tube and case, long heavy high-tensio: 
leads, and a bulky heavy power plant) at the locations 
of field welds distributed throughout the circulating and 
feeder system.of a boiler, for example, is difficult and at 
times impossible. No more portable X-ray apparatus 
than the present portable tube types has been devised 
and its uses for radiographic examination involves an ex 
pense at times in excess of the cost of welding and as 
sembling the joint. 

“Radium offers an easy solution to the objection of un 
portability of X-ray equipment. Mr. Isenburger makes 
mention of the use of radium for this purpose in his ar 
ticle, but stipulates that he does not prefer its use o1 
wall thicknesses under 1'/. in. The reasons cited ar 
the lack of contrast and detail due to the short wav: 
length of gamma rays. The writer has during the past 
year taken more than 60 pipe welds ranging from 
in. to 1'/, in. thick with gamma rays. The capsuk 
containing the radium salt or emanation gas may be 
placed on the inside of the pipe and the X-ray films 
around the outside of the weld. If the pipe is larg 
enough, the capsule may be placed at the center of the 
girth weld with rays emanating in all directions from this 
central source, and the entire weld may be exposed with 
a single setting. For small-diameter pipe it is necessary 
to offset the capsule from this central position to provid 
a reasonable focal distance from capsule to film, and a 
number of exposures are necessary for a joint. Exposure 
time will vary with the strength of the available radium 
salt or emanation gas, with the thickness of the weld, 
and with the focal distance employed. With 100 mg. of 
radium salt and for normal pipe sizes, exposures will 
generally be from 5 to 15 min. 

“In a recent case field welds were radiographed with 
radium using a 100-mg. capsule. The radiographs 0! 
welds in 8-inch and 107/s-inch O. D. pipe were taken in 
three exposures of from 5 to 8 min., covering one third of 
the circumference in each exposure; the wall thicknesses 
were ’/s inch and 1 inch, respectively. The welds i1 
16-inch and 20.4-inch O. D. pipe were taken in one ex 
posure, with the radium at the center and the films cover 
ing the complete circumference. The shell thicknesses 
were 1'/, inch and 1'/, inch respectively, and the time 
of exposure 15 and 20 min.” 

While the use of radium may be preferable to the X-ra\ 
in certain cases, as brought out by Mr. Carpenter, th 
would not warrant making its use mandatory for cond: 
tions where practice has demonstrated the reliability 
the welding without a radiographic examination. 

** Mechanical Engineering, March 1938, pp. 258-259 


t Research and Vevelopment Engineer, The Babcock and Wilcox C: 
pany, Barberton, Ohio 
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Metallurgical Aspects of 
a Particular Type of De- 


fect in Welded Material 


By R. W. SANDELIN? 


ACTORS determining the physical properties of a 
welded joint depend, among other things, upon the 
juality of the material being welded. Occasionally 
will encounter failures of welds which more or less 
learly indicate this fact. Examples of the particular 
type of weld failure described in this paper are illustrated 
by the use of the ordinary fillet weld used in the qualifica 
tion of welding operators. The specimens shown in the 
following paragraphs represent '/2-inch plate arc-welded 
as shown in Fig. 1. 
Figure 2 illustrates the normal type of fracture of a 
fillet weld used to determine such characteristics as de 
sree of undercutting, nature of the fusion, appearance 


f the bead and others. 


Fig. 1—Fillet Weld. Reduced 





Reduced 


Fig. 2—Fillet Weld Broken for Examination. 


allurgist, Atlantic Steel Company, Atlanta, Ga 











Fig. 3—Top View of the Flat Used for Fillet Weld Test Speci- 

men. Note the Manner in Which the Bead Pulled Out the 

Parent or Base Meta! Leaving a Fibrous or Woody Fracture 
Actual Size 


Fig. 4—Another View Showing the Failure of the Base Metal 
Actual Size 


Fig. 5—The Weld in This Case Was Made Across the ‘‘Grain 

Showing Again the Failure of the Base Metal. Note That the 

Fibrous Structure in the Fracture Occurs in the Same 

Direction as in the Fractures Shown in Figs 3 and 4 
Actual Size 


In other cases, however, the fracture of the test speci 
men occurred not in the weld but in the base metal in 
stead. The failure occurred by literally tearing out the 
material in the plate, giving the appearance of a 
or fibrous structure beneath In fibers 


occurred parallel to the rolling axis of the plate which in 


woody 
every case the 


cidentally was in the form of a flat of relatively narrow 
width when compared to its length 

Figures 3 and 4 show the weak fibrous structure where 
the weld had torn out In the cases illustrated in Figs 


6 and 4, the weld was parallel to the axis of rolli: Fig 


ure 5 shows a weld failure where the fusion was mad 


across the ‘‘grain’’ or fibrous structure, the fibers are 
seen to occur as usual parallel t the main axis of the 
flat material 

Figure 6 shows the part of the bead which pulled away 


from the other plate, having attached to it the fibrous, 
woody appearing material from the ba 







































Fig. 6—The Fibrous Material Pulled Out of the Base Metal from One 
Plate Is Shown to Be Attached to the Bead Which Adhered to the Other 
Plate. Approximately Actual Size 


Metallographic examination of this material revealed 
a microstructure reminiscent of wrought iron. Figure 
7 shows a typical microstructure of this material viewed 
longitudinally to the axis of the flat, that is, parallel to 
the fibrous structure shown in Figs. 3, 4 and 5. In- 
numerable fine seams of nonmetallic material were readily 
detected. These threadlike seams were often of con- 
siderable length. Quite obviously the steel was ex- 
tremely ‘‘dirty,’’ the dirt being elongated in subsequent 
rolling processes to produce the weakened fibrous struc- 
ture. A certain amount of banding of the ferrite and 
pearlite was observed but this was relatively unimpor 
tant when compared to the banding of such an excessive 
amount of nonmetallic matter which broke up the con 
tinuity of the ferrous material 


Ordinarily the occurrence of such dirty steel in pres 
ent practice is quite rare. Occasionally, however, 
certain heats of semi-killed steel insufficiently cropped 
will give rise to such an inferior quality product. 


The steel samples described above had the following 
analysis: Carbon 0.12%, Manganese 0.52%, Sulphur 
0.029% and Phosphorus 0.018% 
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Fig. 7—Longitudinal View (Parallel to the Axis of Rolling) of the Base 
Material Which Produced the Fibrous Fractures. Note the Numerous 
Threadlike Inclusions of Nonmetallic Matter. gx 150; _ 
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Welding Aids in the Con- these large tanks inasmuch a the ap me ri et re 


quired would necessitate bull riveti 


struction of Large Storage is not well suited for field erectio1 


The dimensions of the large tank ar 1) feet diame 
Tanks ter, height 48 feet 3 inches Chis tank is welded with 
six rings with plate thicknesses varying from a quarter 
By T. D. TIFFT? to a little over one inch Butt joints a ised in the 
shell construction, welded from both side 


RIOR to a few years ago the standard large tank 
built was of 55,000 barrel capacity. More re 
cently this standard has been increased to an 80,000 
barrel tank and this size has become quite popular. 
Figure 1 illustrates a 150,000 barrel tank recently con 
structed for our Company by the Chicago Bridge and Iron 
Company. Figure 2 is a sketch drawn to scale outlin 
ing the three sizes of tanks mentioned above. The sketch 
indicates the growth in size in tank construction. 
It would have been difficult to economically rivet 











clair Refining Company 





Fig. 1—A 150,000 Barrel Tank Constructed by the Chicago Bridge & Iron Co 
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PREFACE 


To the Board of Directors, 
AMERICAN WELDING SOCIETY 


Your Committee, authorized and appointed at the 
1933 fall meeting of the Society, has undertaken the task 
of drafting rules for the construction of welded oil storage 
tanks of the above ground type. The Committee has 
made an extensive investigation of this type of construc- 
tion and has found that practice therein is now developed 
to a stage that renders it comparable to the art of riveted 
construction for such storage tanks. This conclusion is 
based upon the review of the data obtained from a large 
number of examples of successful welded storage tank 
construction, and it is upon this basis that the following 
draft of tentative rules has been formulated. These rules 
represent a cross section of the typical examples of good 
fusion welded construction and it is the belief of the Com- 
mittee that if these rules are followed in the construction 
of this type of container safe and durable tank construc- 
tion will result. 


Committee on Rules for the Design and 
Construction of Welded Oil Storage Tanks 
C. W. Obert, Chairman 


J. J. Crowe W. Samans 
A. J. Deacon E. E. Shanor 
E. H. Ewertz H. S. Smith 
E. W. Fowler H. A. Sweet 
P. S. Graver T. D. Tifft 
G. Horton E. Vom Steeg 


D. C. Wright 


SECTION I 


Scope 


These rules are intended to apply to the construction 
of fusion welded bulk storage tanks of the above ground 


32 


type for holding oil and liquid petroleum products operat 
ing, generally, at atmospheric pressure. They are not ir 

tended to apply to tanks containing petroleum products 
that will produce a vapor pressure appreciably above a 
few ounces. The same general design of storage tank 
as herein referred to may be used for higher pressure pur 
poses if a dome or umbrella-shaped roof is used and th 
shell is anchored to the foundation. The rules are writ 
ten with special reference to the application of fusio: 
welded construction to cylindrical tanks on vertical axes 
but of such diameters that they cannot be shop constru 

ted and shipped by cars or trucks. They are intended t 

prescribe safe requirements for such welded tanks. 

These rules have been formulated with the assumptio: 
that the tank will be placed upon a suitable foundatio: 
and that it will not be subject to settlement or deforma 
tion to the extent of causing excessive concentration 
stresses. 

These rules were prepared at the request of the Na 
tional Board of Fire Underwriters and are to supplement 
Tentative Standards No. 12-C of the American Petro 
leum Institute, edition of October 1937 (as amended by 


Supplement No. 1 of April 1938), which cover general 


features of design, fabrication and erection of such bulk 
storage tanks. 


SECTION II 


Definitions and Symbols 


Terms relating to fusion welding and symbols used ar 
based upon the latest Report of the A. W. S. Committe: 
on Nomenclature, Definitions and Symbols, and constru 
tion drawings should conform thereto. 


SECTION III 


Materials 
A. General 


All material entering the construction of tanks covered 


by this code shall comply with at least the minimum r 
quirements of some one of the following Material Spe: 


fications, provided the carbon content does not exceed 


0.35 per cent and all rolled plate material is of ope! 
hearth stock. If the material has a minimum tensil: 
strength less than 55,000 Ib. per sq. in. the allowab! 
fiber stress shall be reduced by an amount equal to t! 

ratio of its minimum strength to 55,000. If other ma 
terials of weldable quality are made available, their spe: 

fications may be submitted to the AMERICAN WELDID 

Society for consideration under these Rules. 
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Vaterial Specifications for Base Metal 


\ll rolled plate steel used in shell, bottom, roof, 

s and reinforcements and all structural materials 

lved therewith shall conform to one of the grades em 

raced under the American Society of Testing Materials’ 

eral specifications for carbon steel for fusion welding 

nated as A. S. T. M.-A-151, but no Bessemer mate 

rial is acceptable, and the carbon content of the material 
shall not exceed 0.35 per cent. 

Forgings used in nozzles and reinforcements shall 

rm to one of the following A. S. T. M. specifications 


\-78 —Specifications for steel plate—structural qual 
ity for forge welding (Grades A and B 


\-105—Specification for forged or rolled pipe flanges for 
high temperature service (Classes A, B and C 
\-181—37-Specifications for forged or rolled steel pipe 


flanges for general service (Class 1) 
;. Steel castings shall conform to one of the following 


A. S. T. M. specifications: 
A-27 —Specification for steel castings. 
\-95 —Specification for carbon steel castings (carbon 
limited to 0.35 per cent). 
C. Material Specifications for Filler Metal. 


All filler metal shall comply with the A. W.S. Tentative 
Specifications for Filler Metal for Use in Fusion Welding, 
Grades _ }, LO, LS or 20. 


SECTION IV 


Qualification of Welding Processes 
and 
Testing of Operators 


Welding processes shall be qualified and welding opera 
tors shall be tested according to the latest Rules of the 
AMERICAN WELDING SOcIEeTY for Qualification of Welding 
Processes and Testing of Welding Operators, using the 
following values 


Butt Welds 


Reduced section tensile test 
not less than 95 per cent of 
the minimum of the specified tensile range of the 
plate used 

b) Free-Bend Test, min 20 per cent. 

¢) Root Break, Side Break, Nick Break.—Porosity 
not to exceed 6 gas pockets per sq. in. of total 
area of weld surface exposed in fracture, the 
maximum dimension of any such pocket not to 


Tensile Test 


be in excess of ! inch. 
Fillet Welds 
d) Shear Test.—Longitudinal or Transverse Shear 
Test not less than SO per cent 


of value of (a) 
e Fillet Weld Break 


Same as (¢ 


SECTION V 


Design 
Minimum Thickness 


The minimum thicknesses of plate used for constructiot 
ol field-erected tanks shall be as follows 


Shell plates in tanks up to 48 feet diameter inch 
Shell plates in tanks over 48 feet diameter ; inch 
Bottom sketch plates in tanks up to 48 feet 


diameter inch 
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Bottom sketch plates in tanks over 48 feet 


diameter inch 
Rectangular bottom plates for all sizes of 
tanks » inch 


Shell Joints 


[he vertical or horizontal joints of the shell may be of 
the following types 


Double-welded butt type 
b) Single-welded butt type with back up strip or 
equivalent means to insure complete penetra 


tion; 


( Double full-fillet lap-welded type, with the plat 


edges lapped not less thar up to and including 
a maximum plate thickness of inch 

d) Single full-fillet lap-welded type, with the plate 
edges lapped not less than 5 ¢ and the inside lap 
welded at least 25 per cent intermittent (seal 
welding may be applied to the inside lap in plac 


of the intermittent welding 


In vertical shell joints, type d is permi 
plates up to inch thickness, inclusiv Butt joints 
may be welded without beveling the edges provided the 
thickness does not exceed ! 4 111K h Phe plate edgy S must 
be separated where necessary to obtain c 
tion and thorough fusion. The bev may be per 
formed in horizontal joints, on the lower edge of the up 
per plate, provided the angle of bevel is not less than 45 
degrees. 


- , 
o. Loads a 


Stresses are to be computed on the assum] 


mplete penetra 


les 
Chiii® 


nd Working Stresse 


n that the 


le tension 


tank is filled level full of water at 60° | ind tl 
in each ring is to be computed 12 inches above the 
of the bottom weld of the ring in questi Che working 
tensile stress applied to the steel plate comprising 
shells, shall not exceed 21,000 Ib n.* 


center 


per Sq 
| In computing the minimum thickne f the 
plates required, the joint shall be rated as foll 
Dype l Ss) per cent 
[ype b 85 per cent 
Dype ( r pe! eTit 
1 Type d 
Where & is the 


we Iding 


percentage f full fillet intermittent 


>. B ult Welded | Tica J mnt 


[hese seams shall be welded t l I mplete pene 
tration and fusion. Plates up to and 

thi butt welded without beveling the edgt 
plates, the gap, if used, between ad ged to be not 
less than one-half the plate thickm Plat ver 
inch and up to s inch thicl nay 
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6. Butt-Welded Horizontal Joints 


These joints shall be welded to insure complete pene- 
tration and fusion. Plates up to and including '/, inch 
thick may be welded together without beveling the edges 
of plates, and with or without a gap between adjoining 
plate edges. Plates over '/,inch and up to’/j inch thick, 
inclusive, may be double beveled, if desired, or need only 
be single beveled, in which case the lower edges of the upper 
plate are beveled to an angle of 45 to 60 degrees with the 
joint face leaving a width of square edge not over one- 
quarter of the plate thickness; the upper edge of the 
lower plate is left square, and with or without a gap be- 
tween adjoining plate edges: the reverse side of this joint 
to be rewelded for seal and finish, but no chipping out of 
applied weld-metal is required, except for repairs referred 
to in Section IX. Plates over 7/;5 inch thick shall have 
double-welded butt joints, in which the lower edges of the 
upper plate shall be beveled from both sides of the plate 
at an angle of 45 to 60 degrees from the middle transverse 
line of the joint, leaving a width of square edge not over 
one-quarter of the plate thickness, and with or without a 
gap between the adjoining plate edge. 

7. Lap-Welded Vertical Joints 

Vertical lap joints shall have continuous full-fillet welds 
both inside and outside, except that on plates up to and 
including '/, inch thick, they may have a continuous full- 
fillet lap weld on the outside, and the inside fillet weld at 
least 25 per cent intermittent. A continuous full fillet 
or seal weld may replace the intermittent welding. Lap 
joints shall have the overlap not less than 5 ¢ or 1 inch, 
whichever is larger. The maximum plate thickness per- 
missible with a double full-fillet lap type in a vertical 
joint shall be 7/6 inch. 


8. Lap-Welded Horizontal Joints 


Horizontal lap joints shall have the overlap of the 
plates not less than 5 ¢ or 1 inch, whichever is larger. 
The fillet on the top edge of the lower plate to be full- 
fillet lap weld, measured along the edge of one plate and 
the surface of the other plate. The fillet on the bottom 
edge of the upper plate to be at least 25 per cent intermit- 
tent. Continuous fillet welding smaller than full fillet 
but equivalent in strength to the full fillet intermittent 
welding may be applied in place of the intermittent weld- 
ing. With intermittent welds, apply continuous welds 
for 6 inches on each side of the verticalseam. All horizon- 
tal welds between shell and bottom plate and along any 
intermediate bottom angle or other rolled structural 
member shall be continuous. 


9. Openings and Reinforcements 

Openings over 4 inches in diameter in the shell of a 
tank shall be reinforced. The required reinforcement 
may be provided by the attachment flange of the fitting, 
by an additional ring serving as a nozzle neck, and/or by 
a reinforcing plate placed around the opening to distrib- 
ute the stress to the shell plate. 

10. The strength of the required reinforcement 
around an opening in a shell plate shall be based on the 
vertical cross-sectional area of the metal removed from 
the plate. This area shall be taken as the product of the 
vertical diameter of the hole cut in the shell plate, the 
thickness of this plate and the efficiency factor in Par. 4, 
for the type of vertical joint in this plate. The strength 
through the net cross-sectional area of the reinforcement 
added, lying in a vertical plane (plane of reinforcement) 
coincident with the axis of the opening, shall at least 
equal that of the above product. 

11. In computing the net cross-sectional area of rein- 
forcement for an attached fitting such as a boilermaker’s 
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flange, or a flanged nozzle or a ring serving as a noz7\e 
neck, or a manhole, the neck may be considered as part 
the area of reinforcement, but only for a length of { 
times the thickness of the wall of the neck, measured 
ward and/or inward from the nearest surface of the shel) 
plate or that of an intervening reinforcing plate. 7 

12. The aggregate strength of the welding attachi; g 


ir 
al 


~ a fitting to the shell plate and/or any intervening rein{ 


ing plate shall at least equal the proportion of the stress 
passing through the entire reinforcement, that is eo: 
puted to pass through the fitting considered. 

15. The aggregate strength of the welding attachineo 
any intervening reinforcing plate to the shell plate sh i 
at least equal the proportion of the stress passing through 
the entire reinforcement, that is computed to pass through 
the reinforcing plate considered. 

14. The strength of the welding for attachment 
reinforcements may be taken as the total shear resistance 
of the fillet welds that are applied on either side of the 
plane of reinforcement. This shear resistance shall by 
computed as 11,300 Ib. per sq. in. of cross section mea 
sured in the throat of the weld, for end welds, and 75 per 
cent of this value for side welds. The throat of a fillet 
weld shall be assumed as 0.707 times the shortest leg o/ 
the fillet weld. If circular or diamond shaped reinforcing 
plates are used, the 75 per cent factor shall be applied 
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M777. 
Fig.1 Welded Joint at Junction of Shell and 
Bottom Plates 





15. Joints at Junction of Shell and Bottom 


The attachment between the bottom edge of the lowest 
shell plate and the bottom plates may be made by means 
of a ring angle with all welds continuous, or the botton 
edge of the shell plate may be continuously fillet welded 
to the bottom plate on the inside and outside. 

In the case of the fillet welded attachment of the sheet 


direct to the bottom plate, as shown in Fig. 1, the inside 


fillet shall have a minimum leg of not less than 1.4 tim: 


‘the thickness of the bottom plate. The outside fillet shal! 


have a minimum leg of a dimension not less than the 
thickness of the bottom plate. If the lowest shell plat 
is thinner than the bottom plate, as in small tanks, th: 
factors 1 and 1.4 shall apply to the thinner plate 
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Bottom Joints 


[he joints between the plates forming the bottom of 
e tank may be of single welded butt type with backing 

strip, or of the single welded lap type, provided the 
erlap is not less than 5 ¢ or 1 inch minimum. Butt 
ints may be welded without beveling the plate edges 
rovided the thickness does not exceed '/,in. The plate 
ives must be separated if necessary to obtain complete 


enetration and thorough fusion. 


SECTION VI 


Fabrication 
Preparation for Welding 


The plates may be cut to size and shape and formed 
by machining or shearing, or by flame cutting. The 
edges must be uniform and smooth and must be freed of 
all loose scale and slag accumulations before welding 
[he discoloration which may remain on the flame-cut 
surface is not considered to be detrimental oxidation. 

2. The plates or sheets to be joined shall be suitably 

shaped and formed. 
3. Particular care should be taken in the layout of 
joints in which fillet welds are to be used so as to make 
possible the fusion of the weld-metal at the bottom of the 
fillet. Great care must be exercised in deposition of th 
weld-metal so as to secure satisfactory penetration. 

t. Atalllap joints the plates shall be held in close con 
tact during the welding operation. Plates in which the 
vertical joints are to be butt welded shall be accurately 
matched and retained in position during the welding op 
eration with a tolerance of 10 per cent of the plate thick 
ness but not more than '/;. inch for plates over 
thick on the finished work. 

5. In horizontal butt joints plates may be aligned by 
any effective method but after welding is completed the 
upper plate shall at no point project beyond the face of 
the lower plate by more than 20 per cent of the thickness 
of the upper plate with a maximum of '/s inch projection 

6. Bars, jacks, clamps or other appropriate tools may 

be used to hold the edges to be welded in line. The edges 
of butt joints shall be so held that they will not overlap 
during welding. Where fillet welds are used, the lapped 
plates shall fit closely and must be kept tightly together 
during welding. 
7. The surfaces of the sheets or plates to be welded 
shall be cleaned thoroughly of all objectionable scale, 
rust, oil or grease for a distance of not less than '/», inch 
trom the welding edge. Grease or oil may be removed 
with gasoline, lye or the equivalent. A steel-wire scratch 
brush may be used for removing light rust or scale, but 
lor heavy scale, slag and the like a grinder, chisel, air 
hammer or other suitable tool shall be used to obtain 
clean and bright metal. When it is necessary to deposit 
metal over a previously welded surface, any scale or slag 
therefrom shall be removed by a roughing tool, a chisel, 
an air chipping hammer or other suitable means to pre 
vent inclusion of impurities in the weld-metal. 

S. The dimensions and shape of the edges to be joined 
shall be such as to allow thorough fusion and complete 
penetration. 

Y. If the welding is stopped for any reason, extra care 
shall be taken in restarting to get full penetration to the 
bottom of the joint and thorough fusion between the 
weld-metal and the plates, and to the weld-metal pre 
viously deposited. 

10. Where single-welded butt joints are used, par 
ticular care shall be taken in aligning and separating the 


inch 
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edges to be joined so that complete penetration ; 
at the bottom of the joint will be assured 

11. Where butt-welded vertical joints are used with 
lap-welded girth joints, care must be taken to obtain com 
plete penetration and thorough fusion in that part of the 
butt weld which is covered on one side by the lap 


nd fusion 


SECTION VII 


Erection 
An Erection Note for Butt-Welded Construction 


1. When butt welding is employed for joining shell 
plating, the welding procedure therefore shall be so de- 
vised that undue welding stresses, generally referred to a 
“residual welding stresses,’’ are not allowed to develop in 
the plating about the welded joint These stresses are 
additive and if allowed to develop (a possibility n the 
plating is rigidly affixed to its adjoining plates such as 
when firmly tack-welded 


whe 


may, in extreme cases, cause a 
lowering of the factor of safety of the \ plate 
should be free to move to accommodate the contraction 
about the cooling weld, or advantage may be taken of the 
curvature of the plate to relieve residual stress. In any 


case, movement shall be provided so that plates shall not 
be rigid against these known forces 

2. The sub-grade must be properly 
vegetation removed and preferably sa 
surface coating spread over the area to be occupied by the 


tank, and so graded that it will be well drained 


prepared 


or clay and sand 


In some 


locations, and particularly for the smaller tanks, the 
entire surface may be level, provided it is a few inch 
above the surrounding grad ’ 

3. Itis recommended that a sequence or order of weld 
ng the seams joining the bottom plates be followed that 


will result in the least distortion due 1 


welding, and thus provide, as nearly as possible, a plan 
bearing surface 
SECTION VIII 
Inspection 
l Inspec tion and Tests of Vew Welded Stor e lank 


Welded tanks constructed under these Rules shall be in 
spects d and tested in accordance with the following para 
graphs. A definitely designated inspector shall follow 
the qualification tests of the welding operators, the fab 
rication, erection and testing of each tank and shall make 
sure that material, details of design, fabrication 

called for in this Code are complied with 


ind tests 


be Oualification o} Inspec lor oO} We Li? 
& - . 


Inspectors shall be competent men experienced in 
ing and supervision of welding, checking an 
welding operators 
Purchaser or by an organization regularly eng 
making inspections, except that they may be employed 


Inspectors shall be emplo 


by the Contractor with the approval of the Purchaser 
when a definite guarantee is furnished by the Contractor 
to the effect that these Rul with all its requirements 


will be met 


B, Access 

Che 
of the Contractor's plant concerned 
of the tank, and to the site at 
erected during its fabrication, erecti ind testing 


ior In s Per for 


nspector shall be permitted free ace« 
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+. Facilities for Inspection 


The Contractor shall afford the inspector all reasonable 
facilities for testing and inspection and keep him informed 
of, and shall permit his presence at, all tests of material 
and welding during fabrication and erection; this shall 
include all hydrostatic tests of the tank and all laboratory 
tests of the welding and of the material used. 


5. Inspection of Plates 


The inspector shall inspect the plates used in the con- 
struction of each tank, giving particular attention to all 
cut edges and openings to assure that the plate is free from 
laminations or other defects. The plates shall be gaged 
or measured to determine whether the thickness meets 
the requirements of these Rules. 


6. Qualification Tests 


The inspector shall make sure that the welding process 
used by the contractor has been qualified in accordance 
with the Rules for Qualification of Welding Process. If 
any doubt as to this Qualification of Welding Process arises, 
the inspector may require the official records of this Quali- 
fication Test be produced for his check. The inspector 
shall check the records of the Qualification Tests of Weld- 
ing Operators and shall, if necessary, require new or peri- 
odic Qualification Tests of Welding Operators. No weld- 
ing operator shall be permitted to work until the inspec- 
tor is satisfied regarding his qualification. 

7. Welding 

Inspection of the tank construction shall be made at 
the time the principal joints are being welded. The in 
spector shall check the plates to see that they are prop- 
erly fitted and retained in position during welding, that 
the edges are properly prepared and aligned, and that 
the welding conforms to the requirements of this Code. 
He shall see that the assembly and welding procedure are 
such as to prevent excessive flattening or buckling during 
welding. 

8. Approval of Inspector 

The approval of the inspector shall be required before 
any defects are repaired. Defective material that cannot 
be satisfactorily repaired shall be rejected. 

9. Hydrostatic Test 

The inspector shall witness the making of hydrostatic 
or other tests as required by this Code. Where repairs 
are necessary the inspector shall see that the defective 
welding has been properly cleaned out before permitting 
the defective portions of the tank to be rewelded. 


10. Inspector's Final Report 


The inspector shall at the completion of all tests and 
inspection prepare a report summarizing all data on th, 
tank which have been compiled. Copies of this report 
shall be transmitted to the Purchaser and the Contractor 
for their records. 


SECTION IX 


Testing 


1. Upon completion the entire tank shall be tested by 
filling preferably with water to the level of the top ang\ 

2. Repairs of defects discovered after tank is filled for 
test shall be made only under the following conditions 


(a) Joints shall be repaired with water level at least 
foot below the point being repaired, or with th 
tank empty if repairs are on or near the tank bot 
tom. 

(6) No welding shall be done on any tank unless all 
pipe lines connecting thereto have been com 
pletely blanked off. No welding repairs shall by 
permitted on any tank that has been filled with 
oil until tank is emptied and washed out and /o1 
steamed out, or otherwise gas freed in a safe man 
ner. 


3. For the purpose of testing the tank bottom after it 
is welded up, various methods are available as follows 


(a) Dam up the edges of the tank using wet clay or 
some other suitable closure, and pump air unde: 
the bottom, then soapsud the seams. Linseed 
oil may be used on the seams. 

(6) Pump water under the bottom after the edge has 
been dammed up. 

(c) Pump penetrating oil under the bottom. If some 
type of penetrating oil is used, it is believed that 
the ground should first be saturated with water so 
that the oil will have a tendency to float on top 

(dq) First surface the grade with asphalt, if availabl 
This will not only protect the underside of th 
bottom from moisture, but it will also serve to 
keep the oil, water or air, which is pumped under 
the bottom, from being absorbed by the ground 

GENERAL Note: No method of test will improve u 

satisfactory welding, and it is all important that all por 
tions of all bottom seam welds should be inspected over 
every inch of their length with great care and thorough 
ness. 
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CHANGE IN HANDBOOK PRICE 





fective September 1, 1938, the price 
f the Handbook to Associate, Operating 
1 Student Members will be increased 
from $2.50 to $4.00. The original pric« 
is set when it was thought that the 
Handbook would consist of 600 pages 
book as issued is over 1200 pages 
Complimentary letters being received 
daily indicate that this book, without 
iestion, will be accepted as the world’s 
iding authoritative book on welding 


ALL-WELDED TANKER 


A contract for construction of a third 
18,500 ton all-welded, turbo-electrically 
driven tanker for The Atlantic Refining 
Company has been let to the Sun Ship 
building and Dry Dock Company, Chester, 
Pa., Atlantic officials announced today 
The vessel is to be a sister ship to the 
Robert H. Colley,’ which will be launched 
from the Sun Shipyards at Chester this 
Saturday, and the “J. W. Van Dyke,”’ 
which has been in service between the 
Texas Gulf ports and Philadelphia since 
February 

Construction of the new vessel at an 


estimated cost of $2,500,000 is another 
» 


$ 
step in Atlantic’s $28,000,000 expansion 
and development program for 1938, an 
nounced last May The new vessel, 
scheduled for delivery in January 1940, 
will give the Atlantic fleet the three 
largest turbo-electric ships of welded con 
struction in the world 


THE ROBERT H. COLLEY 


Che Atlantic Refining Company's 
18,500-ton tanker, the ‘Robert H. Colley, 
was launched at Chester, Pa., July 9th 
at the yard of the Sun Shipbuilding and 
Dry Dock Company The new vessel 
was christened by Mrs. Robert H. Colley 
wile of the president of The Atlantic Re 
fining Company, for whom the latest addi 
tion to the company’s tanker fleet i 
named The Robert H. Colley’’ and her 
ister ship, the J. W. Van Dyke, 
launched in November 1937, are the 
world’s largest welded ships 

Overall length of the new tanker is 541 
feet five inches. Cargo capacity i 
6,552,000 gallon lPurbo-electric engine 
ire designed to develop 5000 horsepower 
ind will give her a speed of 13.25 knots 
She has a molded beam of 70 feet, a 
nolded depth of 40 feet, and a draft of 
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Leaving the Ways 
at the Yard of the Sun Shipbuilding and Dry 
Dock Company, Chester, Pa 





Noiseless Construction 


he 13-story Woman's Hospital of Pittsburgh rose 
the University of Pittsburgh's Medical Center, its T10O00— 
2300 pounds of welding rods supplanted 15 tons 








Welds for Rivets 


ot rivets in construction of the new Woman's Hospital 
of Pittsburgh. This masked welder is joining two 
beams. The bolts in the forefront temporarily hold the 
steel in place while electricity merges the two pieces 


Mullen Construction Company, erectors 
of the steel frame of the world’s first multi- 
story alternating current arc-welded struc- 
ture, the new office building at the trans- 
former works of the Westinghouse Electric 
& Manufacturing Company in Sharon, Pa. 


Safety Without Noise 


“‘There’s no noise at all; that’s the first 
paradox that impresses the builder using 
are welding,’’ commented Mr. Mulvehill, 
president of the Mullen concern. “At 
first, it doesn’t seem possible that metal 
can tie itself together, but test after test 
have proved that the welded joints are 
as strong as the steel itself.” 

To insure a perfect structure, all welders 
were qualified by the Pittsburgh Testing 
Laboratory, which supervised tests under 
th: AMERICAN WELDING Socrety Rules. 
Mr. Whiting, of the testing laboratory, 
supervised field tests and inspection on 
welds as they were applied on the building. 
He reported: ‘‘We took samples of hun- 
dreds of welds and found them as per- 
manent as the building itself.’’ 

When completed within the next year, 
the Woman’s Hospital will be one of 
three in the entire country devoted ex- 
clusively to a study and treatment of 
diseases peculiar to women. In addition 
to the laboratories and therapeutic rooms, 
its six hospital floors will accommodate 
150 patients. 

Mr. Richard K. Mellon is president of 
the hospital board. Other board mem- 
bers and officers include Dr. Sidney A. 
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Chalfant, vice-president, Mr. John F 


Tim, secretary-treasurer, and Mr. James 
A. Dunn. 


N. Y. STATE TAKES OVER 
ALL-WELDED ARMORY 


After a final inspection of the new state 
armory at Schenectady, N. Y. recently by 
the adjutant general of New York State, 
the all-welded steel and brick structure 
was turned over to local companies of the 
National Guard. The building, one of th« 
largest all-welded frame structures in up 
state New York, was completed after two 
years of construction involving such pre 
liminary work as the rerouting of a main 
storm sewer outlet and the driving of more 
than 900 large piles in the subsurface 
The selection of welding as a construction 
tool was a happy one, not only because of 
the economies it afforded but because the 
building is located in the immediate 
vicinity of a large hotel and the quietness 
of the welding operations was an appreci 
ated factor The completed armory, 
which has an area of 26,300 square feet of 
unobstructed floor space in the drill hall 
alone, was arc welded 


One of the outstanding points of 
terest from a construction point of view 
is the huge 92-foot roof plate-girder 
porting the structure above the balc 
which looks down on the drill floor. Ot 
noteworthy features include seven 
foot-span, two-hinged main roof arch« 
continuous all-welded steel framing 
supporting the drill-shed floor 


SEVEN MILES OF WELDING IN 
THE SUGAR BOWL 


Approximately seven miles of weldi: 
went into the recent addition to the Su 
3owl, Tulane University’s stadium wl 
championship football teams battle f 
supremacy each New Year’s Day I 
Dixie Machine Welding and Metal Work 
which received the contract for the actual 
welding work, finished the job in re 
time, using six 400-ampere electric weld 
ing equipments. Because of its welded 
steel construction, it is estimated that the 
addition cost approximately $60,000 1 
than a comparable reinforced concret: 
structure 





Welded Armory—(Top) Completed Building. (Bottom) Arc-Welded Frame 
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LARGEST ALL-WELDED STEEL 
DUMP SCOWS 


wo of the largest all-welded steel dump 

ever to be built in an inland water- 

, hipyard have just been launched by 

Dravo Corporation at its Neville 

i yards for use on the Great Lakes. 

ith dump scows were built for Merritt- 

Chapman & Scott Corporation, New 

York, in record time, and will be used on 

Erie at Conneaut, Ohio,.in connec 

with the Great Lakes Waterway Im 

vement Program rhis program calls 

the deepening of Conneaut Harbor, 

he scows will be loaded with the ma 

ial dredges from the harbor bottom, 

i to deep water and dumped 

lhe scows have a capacity of 1200 cubi 

rds and measure 206 feet by 40 feet by 

feet Over 650 tons of steel were re 
tired for fabrication of each vessel 

Original plans for the scows were made 

with the idea of riveted construction 


wever, Dravo Engineers realized that 
all-welded construction would lead to 
an increased efficiency in the use of the 

1 required, would result in a general 
ver-all decrease in weight, and would 
provide considerable cost saving. For 
these reasons, the plans were redrawn and 
the vessels built by welding 


Launching of All-Welded 1200 Cubic Yard 
Dump Scow at Dravo's Neville Island Yards 





View of Hopper Door Operating Mechanism. 
Note Shafts and Power Chains 


Each scow contains nine hopper pockets 
17 feet long, 25 feet wide at the top, and 
13 feet wide at the bottom. The pockets 
are equipped with two hopper doors built 
up of composite timber and steel, using 
heavy oak timber fills between 10-inch 
and 12-inch I Beams. Hopper bulkhead 
fenders and coaming fenders on the loading 
side of the scow are concrete filled The 
hopper doors are operated by a six inch 
by six inch throttle reversing steam engine, 
the engine being connected to a ratchet 
arrangement on a steel jack shaft. Steam 
is provided by the towing tug. The 
ratchets, in turn, revolve a gate operating 
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shaft and are so arranged as to permit the 
independent opening and closing of the 
hopper gates. Solid weld power shovel 
chains run from the gate operating shaft 
to double-cable slings, which pass through 
guide castings to the doors. Chains are 
tested to a breaking strength of 175,000 
pounds. Release of a pawl opens the 
doors by gravity and the weight of the 
load 

At each hopper separation, water-tight 


bulkhead divisions are provided through 


out the length of the scows, forming in 
dividual buoyancy tank One 16 inch 
by 20 inch manhole is provided for each 
water-tight compartment. Both rake 
ends contain separate water-tight room 
for storage of lines and equipment Phe 

rooms measure 6 feet by 10 feet and art 


placed on the operating side of the vessel 
Fully loaded, the scows will draw about 
12 feet 6 inches 

In order to deliver the scows to the sit 
of operations, which by land is about 120 
mile distant, it will be necessary to tow 
2300 miles from Pittsburgh 
to the Mississippi River, through the 


them nearly 


Illinois Waterway to Chicago, and from 
Chicago through Lake Michigan, Lak« 


Huron and Lake Erie to Conneaut, Ohio 


PHOENIX 
Gigantic Phoenix, fabled offspring of it 
own ashes, takes shape in “‘fire’’ that 1 


7000 degrees hot—the flash of the electri 
welding arc. (see illustration below) 
Golden symbol of San Francisco’s ris« 
from its own ashes following the disastrous 
fire of 1906, thi 5000 pound 22-foot 
monster is made up of 700 separate, hand 
shaped 16-gage metal sections fused to 
gether into one single piece by 6800 linear 
feet of shielded arc welding. It has a 
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NOMINATIONS 








James W. Parker, Vice-President and 
Chief Engineer, Detroit Edison Company, 
Detroit, Mich 

Alfred Iddle Application Engineer, 
Sabcock & Wilcox Company, New York, 
N. Y 

Manager To serve 3 years)—Clarke 
Freeman, Vice-President, Charge Fire 
Prevention Engrg. & Underwriting, Mfr 
Mutual Fire Ins. Company, Providence, 
R. I 

Willis R. Woolrich, Dean of Engineer 
ing, University of Texas, Austin, Texas 

William H. Winterrowd, Vice-Chairman, 
Franklin Railway Supply Company, Chi 


cago, Ill 


FERTILIZER PLANT 


The new fertilizer plant for International 
Agricultural Corp., first industrial struc 
ture utilizing the new welded portal truss 
designed by engineers of The Austin Co 
to accommodate conveyors on rails passing 


through the roof members, is nearing 
completion at Chicago Heights, III 





S f % ; 
Industrial Cars Will Soon Be Operating 
Through These Portals in the Welded Rigid 
Frame Fertilizer Plant Which The Austin 
Company is erecting at Chicago Heights, IIl., 
for International Agricultural Corp. Rails 
Will Be Bolted to the Conveyor Supports 
Which Extend Between the Trusses and Cars 
Operating on Them Will Be Loaded from Belt 
Conveyors Overhead. Tracks Have Been 
Installed Through Four of the Twelve 7-Ft. 
Portals in These Trusses 


The unusual trusses, which are a func- 
tional part of this all-welded rigid-frame 
structure, were completely prefabricated 
in the Austin shops at Cleveland. They 
provide twelve 7-ft. passageways just 
below the building’s roof and rails extend- 
ing between the trusses will carry indus- 
trial cars, which in turn will be loaded 
from elevator towers overhead. Special 
rail supports, as well as all the other struc- 
tural members, were welded in the Cleve 
land fabricating shop. A total of 250 tons 
of structural steel was used on the job, 
which required 13,000 lineal feet of weld 
ing, only 1100 feet of which were welded 
in the field 

The design lends itself to many other 
uses, since the portal trusses will accom 
modate monorails directly on their bottom 
chords and will provide conveyorways or 
walkways through the portals, as well 


SURFACE HARDENING 
One of the highlights at the Welding 
Clinic recently, held at the La Crosse 
Vocational School in La Crosse, Wisconsin, 
was W. V. Emery’s discussion on “Surface 


40 


Hardening of Welded Units.’’ Mr. Emery, 
Welding Foreman in the huge shops of the 
Harnischfeger Corporation of Wisconsin 
is well qualified to give a thoroughly in 
formative and interesting résumé of this 
subject. He is a popular speaker among 
branches of the AMERICAN WELDING 
Society and similar groups, anxious to 
amplify theoretical knowledge with the 
practical, tried and proved methods and 
theories developed by men engaged in the 
design and production end of the welding 
industry 


MOTION PICTURE ON PLOWSHARE 
HARD-FACING 


The use of hard-facing as an economical 
method of increasing the life of plow 
shares is depicted in the motion picture, 

Haynes Stelliting the Plowshare,’’ which 
is available for showings from the offices 
of either The Linde Air Products Com 
pany or Haynes Stellite Company. This 
film will be of interest to farmers, welding 
shop owners, ironsmiths, and all others 
concerned with the maintenance of agri- 
cultural implements. Its thorough treat- 
ment of the many advantages and econo- 
mies of hard-facing should make it a 
valuable aid in building up sales. 

A clear, step-by-step presentation of 
every detail of cleaning, grinding, hard- 
facing and subsequent sharpening opera 
tions is given. In addition, several inter- 
esting views show the use of a copper nose 
plate for quickly forming the hard-facing 
alloy on the nose of the share. Side and 
bottom suction, and the methods used to 
retain them after hard-facing, are also 
included in this instructive film 


245-TON, 92-FOOT BUBBLE TOWER 
SHIPPED NEARLY A THOU- 
SAND MILES BY RAIL 


The largest single piece of industrial 
equipment ever made in St. Louis—a steel 


tower 92 feet long, weighing 245 tons 

has been completed at the Heine Boiler 
Division of the Combustion Engineering 
Company, Inc., and has completed its 
916-mile journey overland to Smith’s 





Photo courtesy of The Lincoln Electric Company 
Cleveland, Ohi 


Six All-Welded Blast Furnace Stoves, Erected 
at a Steel Mill in Pennsylvania, Believed First 
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Bluff, Texas, where it will be used in 
Pure Oil Company refinery 

Equal in weight to about 170 popul 
priced automobiles which shipped a 
bled would require 34 freight car 


tower was one of the heaviest and larg: 
single pieces of freight ever shipped 
rail. Special equipment in the form 
400,000-pound capacity freight cars 

16 wheels each was used to carry the loa 
There are only four such cars in use in t] 
United States. Shipments were hand] 
by the Frisco Railway to Neosho, Mo 
and from there by the Kansas City Sout} 
ern Railway direct to the refinery 


SIX NEW BLAST FURNACE STOVES 
ARE FIRST OF TYPE ERECTED 


Shown on the left of the accompanying 
illustration are three all-welded blast fu: 
nace stoves erected by the Pittsburg 
Des Moines Steel Company, Nevill 
Island, Pennsylvania for a Pennsylvat 
steel mill 

The stoves are 24 feet in diameter a1 
104 feet high. They are constructed 

inch and °/s-inch steel plate all 
welded and tested to 45-lb. pressure a 
required by the specifications rhe use 
of welding in construction is reported 
have saved 30% in weight and appro 
mately 50% in time of erection 

Also illustrated (at right) are thr 
additional stoves erected for the sar 
steel mill. These are 24 feet in diamet 
and 104-feet high. They were fabricat: 
and erected by the Chicago Bridge & Iron 
Company, Chicago, Illinois 

The welding in construction of th 
blast furnace stoves was all done wit 


shielded-arc equipment 





of the Type Ever Built in This Country 

(Left)}—3 Stoves Erected by Pittsburgh-Des 

Moines Steel Company of Neville Island, Pa 

(Right)—3 Stoves Erected by Chicago Bridge & 
Iron Company, Chicago, Illinois 
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SECTION ACTIVITIES 
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CINCINNATI 


the Annual Meeting of the Cincin 
Section held on June 22nd, the follow 


Officers and members of Executive 


were elected 
Chairman—F. H. Smith, 


The 


Lincoln 


tric Co 
Vice-Chairman—Clayton D sreese, 
e Breese Bros. Co 

lreasurer—James K. Ross, The United 


Welding Co 


Secretary—Eric O’Hara, The Cincin 

iGas & Elec. Co 

Executive Committee—Term 2 years 
D. C. Gardner, Gardner Publications, 
Im W. W. Petry, Cincinnati Milling 
Machine Co. and W. P. Dettwiler, Wil 


liams & Co 

Executive Committe 
W. A. Maddox, Cincinnati 
Co., . m 
Co. and O. A. Tilton, General Electric Co 

At the first meeting of the 
held July 13th, year’ 
program was tentatively outlined, and de 


Term 1 year 
Milling Ma- 
Hittle, Oregonia Bridge 


Executive 
Lommiuttee, next 


ision was made to actively affiliate with 


the Cincinnati Engineers’ Club and join 
the Engineering Council 
: CLEVELAND 
The newly elected Officers and Com- 


mittee Chairmen of the Cleveland Section 
art 


Chairman—Prof. Fred L 
Case School of Applied Science 


Plummer, 


Vice-Chairman—Ed. T. Scott, Pres., 
Cleveland School of Welding 

Secretary-Treas.—A. L. Pfeil, Univer 
sal Power Corp 

Membership Chairman—L. H. Frost 

Executive Committee—Fred L. Plum 
met 

Papers Committee—G. T. Williams 


Educational Committee—A. E. Gibson 

Publicity Committee—C. T. Elder 

Code Committee—A. S. Low 

Nominating Committee—E. R 
dict 


Bene 


Che Section has plans completed for an 
educational lex 
fall to be 


ture course starting in the 


John H. Kin 


conducted by Mr 


caid, Chief Engineer of Design for Well 
man Engineering Company, which will 
instruct designing engineers and welding 


men in the shop in the proper marking and 


interpretation of drawings of welding 
parts his course will include the new 
ystem of symbols for making welding 
drawings devised by the A. W.S 


KANSAS CITY 
I he 


pection wa 


of the Kansas City 
held on Monday night, June 


June meeting 


2/, 1938 Moving pictures of the passen 
ger and freight car construction wer 
hown by the courtesy of the Pullman 


Standard Car 
Phis was the 


Manufacturing Company 
last 


meeting before the sum 


ner \ riod The next 


acatlion pe 


regular 





monthly wil held in Sey 
and will bea ing 
Che Past ck nd f Chairmat 
of the Kansas City Section (( I Wo 
man) presented a iutiful gavel 
present Chairman (C. A. Hall Mr 
Woodman, himself, made this gavel o rf 
an old baseball bat which had been d 
carded by one of his children Aft 
hearing so much talk about salvaging a 
reclaiming worn and broken piect of 
metal, he decided tha his might be 
carried over into the wood-working fi 
MARYLAND 
At an Executiv Commi e meeting 
held June 13th, Vice-Chairman Leo Goul 
was appointed as a ¢ mittee of one t 
provide peaker for ection meeting 
It was voted that oyster roast be con 
tinued a an annual affair M«¢ 
Harry Ross, Chairman, John Cumberlan 
and Dr. Miller were appointed committ: 
in charg It is planned to hold S 
meetings third Friday of month, beginnir 
November 1938 It planned to 
nationally known speakers for the season 
meetings Dr. J. W. Miller was appoi 
Chairman of Membership Co ittes 
NEW YORK 
At an Executive (¢ I ng o 
the New York Section held July 5th, after 
considerable discussion, a motion wa 
passed to continue the Lex re Course 
The following committes we! ap 
pointed by the Chairman 
Lecture Course Commiuttee—S. S. Sco 
Chairman, W. Spraragen, Editor A. W.S 
Journal, Dr. Claussen, Dr. Henry, | 
Vom Steeg, Wayne Howard, E. V. Dav 
and Charles Kandel 
Membership Committ Charles Kar 
del, Chairman 
Program Committee I \ David 
Chairman, G. D. Fish, J. T. Philli ps, C. W 
Bryan, Jr.andS. 5S. Sco 
Entertainment Cor ( 
Kandel, Chairmar \ I ‘ i 
Wayne Howard 
By-Laws Cor 
Chairman 
NORTHWEST 
Because the ing rf ) 
ir ispended di 
ind because vacatior ul le f 
any being rf wn, Se \ 
irea low po rf vea 
Che | ive Co 
tion l plea f , ‘ 
G. E. Cla n, | \ W 
ng | irch ¢ rf I 
ing Foundation, at lu ym upo 
it v » Mi “ 
to conf with th f fac 
of the Unive ty of M " ga 
to ulating 1 i h w K 
welding | P. Hug i ul { 





\ 
\ \ 
r 

f 
ol 1¢ 

, } 

j 4 

' re\ ‘ 

ig rey 
rou 


and cd é 

ecuring 
ind wit 

Chark \ is \ i 
cationa I ( 
ha be ve i Vi 
Ccuring 5 
lead to a 





SAN JOAQUIN 
rhe 


WW 
we ‘ 
\ 
\ \ il 
lal 
f 1 
A 
it 
‘ n W 
( 
FP. Di é 
i eaday 
) i 
} *S2 
Old 
) f 
4 











































ST. LOUIS 


Mr. A. R. Ross has been elected Secre 
tary of the St. Louis Section for 1938-39 

Mr. Ross is Associate to the President 
of the Board of Public Service, City of 
St. Louis 

m=, 2. ¢ 
Meeting 


rhumser, Chairman of the 
Committee, reports that the 
programs for September 1938 to May 1939 
have been practically completed 

It was decided to strengthen the pro 
gram of the section for the coming year 
rhe following Meetings were proposed 

SEPTEMBER 27, 1938 Possibk 
joint meeting with the American Society 
of Mechanical Engineers. Subject to bs 
the ‘‘Waterside Station of the Consoli 
dated Edison Company” which would fea 
ture heavy pressure piping 

NOVEMBER 8, 1938: “Structural 
Steel Welding’’ to feature recent construc 
tion in and around New York City It 
was proposed to have Mr. Fish head this 


meeting. It was also thought possible to 


feature a short talk on ‘‘Codes”’ in connec 
tion with this meeting. 
DECEMBER 13, 1938: Re-design 


in Machine Construction.’’ As speakers, 
it was suggested we have either Mr. Isgren 
of Letourneau Corporation or Mr. Chap 
man of the Lukens Steel Company 

JANUARY 10, 1939: “Explosion and 
Impact Tests’ by Leon C. Bibber of 
Carnegie Illinois Steel Company. 

FEBRUARY 7, 1939: 
Metals.” 

MARCH 8, 1939: 

APRIL 11, 19389: ‘Low Alloy Steels’”’ 
with a half hour talk by a representative 
of the Worlds Fair, as a preliminary to the 
proposed May meeting at the Fair Ground. 

MAY 9, 1939: Business meeting and 
Dinner at the Fair Grounds. It was de- 
cided to invite neighboring Sections and 
to endeavor to have an AMERICAN WELD- 
ING Society Day at the Fair. 

All meetings, except the May 10th 
meeting, are to be held at the Engineering 
Societies Building. It was decided to 
start at 7:30 instead of 8:00 o’clock 

To strengthen the program, it was also 
decided to have only one speaker and to 
prepare a number of pre-arranged short 
discussions of the papers to stimulate dis- 
cussions from the floor. 

Mr. Kandel was delegated to investigate 
the cost of a dinner at the Fair, the price 
to be in the neighborhood of $5.00 per 
couple 

It was decided to attempt to have some 
inspection trips. Mr. Kandel is to en- 
deavor to arrange an inspection trip to the 
new all-welded telephone building early in 
August and $25 was temporarily set aside 
to cover the cost of refreshments. 


‘Non-Ferrous 


“Shipbuilding.”’ 


TULSA 


The last Summer Meeting of the Tulsa 
Section was held on June, 24th. The 
speakers of the evening were: Orville T. 
Barnett, Metallurgist, Black, Sivalls & 
Bryson, Inc., and W. Mike Murphy, Engi- 
neer to the Petroleum Industry, Air Re- 
duction Sales Company. Their subjects 
were: ‘‘The effect of welding heat on 
mild steel plate’? and ‘‘Development of 
the welding of oil well casing.” 
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WASHINGTON, D..C. 


The following Officers for the ensuing 
year have been elected by the Washington 
Section 

Chairman—C, M. Underwood 

Vice-Chairman—C. A. Loomis 

Secretary—N. W. Morgan 

Treasurer—R. F. Wood 

Executive Committee—2 years J 
G. Bissell, G. E. Knox, E. R. Patton, R. B 
Swope, C. E. Meissner and T. W. Wilson 

Executive Committee—1l year: W. F. 
Dietz, W. S. Farr, R. P. McMillan, G. F 
Jenks, G. A. Ellinger and R. J. Meybin 


WESTERN NEW YORK 


The Western New York Section reports 
the following Officers elected for the com- 
ing year: 

Chairman—J. R. Dawson 

Vice-Chairman—Robert Siemet 
C.S. Freeman 
Treasurer—F. O. Howard 


WICHITA 


secretary 


There was an attendance of about 85 
men at the June 30th meeting of the Wich- 
ita Section. Mr. M. F. Dunne, District 
Supervisor of the Air Reduction Sales 
Company, presented a paper on ‘‘Low 
Temperature Brazing,”’ 
trated with slides. 


which he illus- 
After the meeting a 
practical demonstration was given along 
the lines of the speaker’s subject. 


YOUNGSTOWN 


On May 16th the Youngstown Section 
had their Annual Meeting and election of 
officers as follows: 

Chairman—A. O 
Iron Works 

Vice-Chairman 
con Steel Co 

Secretary-Treasurer—J. J 
The Linde Air Products Co 

Films on The Making of Steel from the 
Mine to the Finished Strip were shown 


Miller, Petroleum 


Grover Hughes, Trus- 


Moriarty, 


through the courtesy of the Youngstown 
Sheet & Tube Company. 


IMPORTANT NOTICE 


Effective July 30th the Executive Com- 
mittee of the AMERICAN WELDING So- 
CIETY has done away with the office of the 
Managing Director and dispensed with 
the services of the present incumbent. A 
Committee has been appointed to draw 
up plans and programs for the increase of 
the Society activities along technical lines. 
A report will be rendered at a later date. 


HOBART CATALOG 


The new ‘“‘Multi-Range”’ catalog of 
the Hobart Brothers—Hobart Square, 
Troy, Ohio telling of their improvements 
in Arc Welding is now available. 


INTERNATIONAL ACETYLENE 
CONGRESS 


The thirteenth International Acetylene 
Congress is scheduled for June 25-July 1, 
1939 at Munich, Germany. There will 
be 13 different sessions as well an inter- 
national acetylene exposition. 
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STEEL FOUNDERS’ SOCIETY Ap. 
POINTS C. W. BRIGGS TECHNICAL 
ENGINEER 


Steel Founders’ Society of Amer 
Cleveland, Ohio, is pleased to anno 
that on or about October 1, 1938, Mr 
W. Briggs, Physical Metallurgist, Nay 
Research Laboratory, Washington, D 
will join the Society’s Staff in the 
pacity of Technical Engineer. Mr. Brig; 
is a graduate of Stanford Univer 
Since taking his degree in Metallu: 
Sigma Xi) he has devoted most of 
time to research work for the U. S. Na 
being at present the directing head of 
Steel Casting research department. M 


Gh 














of his investigations have had to do w 
Steel Casting development work 

Among the projects which Mr. Brig, 
will initiate in his new connection will SI 
the development of a Cast Steel Dat 
Book for the use of engineers, designer 
engineering students, etc. He will lik 
wise handle other technical phases of 
Society’s activities 


MUREX RODS sect? 


Metal & Thermit Corporation, 120 A-2 
Broadway, New York, announces a new 
edition of its handy, pocket-size pamphlet Expet 
on Murex welding rods. I 

Considerably revised and enlarged, the 
new issue contains brief data on the physi Also 
cal properties and chemical analysi 
the weld-metal deposited by each of th A-' 
twenty odd electrodes in the Murex lin 
Included are individual, specially designed 
electrodes for high speed, downhand weid 
ing of mild steel; for all-position welding 
for horizontal fillet work; for welding man 
ganese, carbon-molybdenum and _ nickel 
steels; for several types of 


~ 


stainl 
steels; and, for a number of the new high 
strength, low-alloy steels. 


THERMIT WELDING iN 


A new thirty-four page booklet describ 
ing the Thermit Welding process and its 
applications is announced by the Metal 
& Thermit Corporation, 120 Broadway, 
New York. Bra 

Far more complete than anything pub Per 
lished previously on the subject, the new 
booklet gives the history of Thermit Weld I 
ing; describes the nature of the Thermit Scl 
reaction, by means of which superheated 
liquid steel is produced for weiding pur ‘ 
poses; discusses the physical properti 
of Thermit weld-metal; 
methods employed in welding. 


outlines thi 

In addi Hi 
tion, the advantages and economies of th: 
process, for emergency repairs in the 
marine field; for repairs throughout in 
dustry to machine frames, crankshafts and 


Kd 


other heavy parts; for reclamation work 
in steel mills; and for rail welding on steam 
railroad, street railway and coal min M 
track, are thoroughly covered. Also 
several pages are devoted to Thermit for 
foundry use, and to the pure, carbide-free 
metals and alloys produced by the Thermit Oo 
reaction and used for alloying purposes in 
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nufacture of steel and non-ferrous A-281 Expert Welding Enginec 
Good salesman with wide experience i 
export, with previous practice in Cran 
design and Steelworks layout, wat posi 
GAS CUTTING PAMPHLET ton mm U.S. A 
ry attractive bulletin has been AB SIS a 
y the Victor Equipment Company, 
Street, San Francisco, Calif., OBITUARY 
ng information on fuel gases, LONIE ] Cor 
iking place in cutting, cutting , 
nformation on sechualenes and re , : ne BS. Ve ued May 
1938 Mr. Col was a er O 
da list of torches available by thi 
I lignan ~ Am I 
” WELDING Society. Hewa mnected with 
ich « ipa Sta lard { | 
Car 4 pany ihe ( \ lank W 
EMPLOYMENT He then became Superintendent 
SERVICE BULLETIN —fbricating Dept, Gostin Bin 
Manufacturing Company Mr. Cobb wa 
SERVICES AVAILABLE active in all affairs of tl Birminghat 
Chapt f the AMERIC WELDING Sox 
\-277. Class B welder capable of oil ETY, and a he tin f his death wa 
can do overhead welding and Vice-Chairman of the Local Chapter. H 
undle most wires. Have worked for the was a man of vy. and ¢ 
ral Electric Company pe li 
\-278 Ist class welder with thre 
years’ experience in shipyard welding HERBERT C. J 
passed all Government tests, in luding Mr. Herbert C. Tennison. Technical 
rine steel welding. Willing to travel Masomer ot Wie Aeadinn Din Cor 
A-279 Arc welder with three years pany, died after a short illn Tune 12th 
perience in vertical and overhead work at his home, Brooklawn Park Hill 
Experienced in Fleetweld, hard weld, Bridgeport, Connecticut 
Ferroweld, structural frame work, pipe Mr. Jennison has been connected with 
outside, steel mill and job shop work The American Bra Company since 1900 
Also worked in garage doing repair weld first as Laboratory Assistant. then a 
ng. Passed Navy test in welding Testing Engineer. From 1919 to 192 
4-280. Electric welder with ten years’ he was Technical Supervisor of the An 
rienct sonia Branch of The American Brass Com 


List of New Members 


June 1 to dune 30, 1938 


BOSTON DETROIT 
Adams, Ernest N. (C), 192 Chandler St., Dow, William G. (B Golden Avi 
Worcester, Mass Ann Arbor, Mich 


Davis, F. W. (A), E. B. Badger 


75 Pitts St., Boston, Mass 


& Sons, 


Taylor, E. W. (B 
Bay City, Mich 


Washington 


CHICAGO 
Bradley, Chas. E. (D), 2537 E 
Chicago, Ill 
Penn, Henry (C), American Inst. of Steel 
Const., 53 W. Jackson Blvd., Chicago, 

“ 3 Ja n ve licag HAWAII 
Schiemann, E. H. (C), Public Utility Bag Elliott, William (B 
& Serv. Corp., 231 S. La Salle St., Honolulu, T. H 

Chicago, IIl 


GEORGIA 


Bloxton, C. R. (C), 405 Bona 
Atlanta, Ga 


7oth St., Allan Bl 


KANSAS CITY 
Singleton, Jack, (C), 622 New | 
Bldg., Topeka, Kansa 


CLEVELAND 
Hudson, D. D. (D), 14012 Lake 
Blvd., Cleveland, Ohio 
Miller, Alexander (C), American Inst. of 


Shore 


Steel Const., 2120 N. B. C. Bidg., LOS ANGELES 
Cleveland, Ohio. Bringer, R. A. (D), 2252 Ewing St., Lo 
Angeles, Calif 
COLUMBUS Ley, Harry J. (¢ San Pedro High 
Mitchell, Arthur J. (B), 720 Thomas Ave., School, Alma & 15th Sts., San Pedr 
Columbus, Ohio Calif 
Mangrum, R. L. (B), Mangrum & Page, 
5703 Cherry Ave., Long Beach, Calif 
DENVER McGinnis, C. E. (B), Board of Mecl 
Organ, C. J. (D), Box No. 42, Denver Engr Room M-85, City Hall, Lo 


Sta., Denver, Colo Angeles, Calif 
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LIST OF NEW MEMBERS 





lo 
ABs 


, 2617 Ala Wai Blivd., 


ngland 


Rokes, D. G 


La 


MILWAUKEE 


Barrett, R. ¢ B > Pir National 
Bank Bldg M I \ 
Reichert, Harold W WwW. ( cry 


St., Milwa 


MONTANA 
Fradet, John D. (C), Great Northern Tool 


& Supply ¢ I ) Billings, Mo 
Runnion, Marion ( 
Gla ROW M 
Strissel, Daniel (| i Peck 
Mont 


NEW YORK 
Emery, Willard A 
Pump ." M 
Works, Harrison, N. J 
Evans, W. L. (| 
Carter N 
Kerbey, E. A 
Supply t., New ¥ 
N. ¥ 
Lonsdale, W 
Carteret, N. J 
Magrath, J. G Air Re tio ale 


Co., 60 I j p w York. N. \ 


43 





Osborne, T. W. (D), 10 Bennett Ave., 
New York, N. Y 

Price, P. L. (C 
Const., 200 Madison Ave., New York, 
N.Y 

Wilson, J. Lyell (¢ 
Shipping, 24 Old Slip, New York, N. Y 


American Inst. of Steel 


American Bureau of 


NORTHERN NEW YORK 


Ramer, E. J. (C), 41 Barrows St., Albany, 
N. ¥ 


NORTHWEST 
Caswell, Alexis (C), Mfrs. Assoc. of 
Minn., Inc., 405 Marquette Ave., 
Minneapolis, Minn 


OKLAHOMA CITY 


Miller, C. P. (D), Box H 47, Seminole, 
Okla 


PEORIA 


Arthur, Guy (B), 908 E 
Peoria, Illinois 

Brooking, Walter J. (B), R. G. Le Tour- 
neau, Inc., Ft. of Grant St., Peoria, Il. 

Cochran, Virgil (B), 230 Grant St., Peoria, 
Ill 

Dubie, O. L. (C), R. G. Le Tourneau, Inc., 
Grant St., Peoria, Ill 

Farris, Howard S. (C), 100 N. 13th St 
Pekin, Ill 

Filker, Arthur G. (C), 334 N. West St., 
Farmington, Ill 

Hanley, John (B), A. Lucas & Sons, 
Peoria, Ill 

Hanson, Vernon E. (C), 318 W. Lake, 
Peoria Hts., Ill 

Hardbarger, Lyle H. (C 
son St., Peoria, Il 

Isgren, Elmer (A), R. G. Le Tourneau, 
Inc., Peoria, Ill 

Lohnes, Stearn (C), A. Lucas & Sons, 
Peoria, Ill 

Matheny, Thos. (C), 1516 First St., Pe- 
olin, Ill 

Miller, Elmer L. (C), R. G. Le Tourneau, 
Inc., Ft. of Grant St., Peoria, Il. 

Reist, J. F. (B), 318 Seibold St., Peoria, 
Ill 

Roberts, G. R. (C), National Cylinder Gas 
Co., Ft. of E. Franklin St., Peoria, Ill 


Arcadia St., 


), 1702 N. Madi 


Runkel, R. W. (C), 1900 N Jefferson, 
Peoria, Il 

Rutledge, Robert (C), A. Lucas & Sons, 
Peoria, Il 

Salvador, J. V. (C 
Peoria, Ill 

Schmidt, E. C. (C), 706 W. Corrington 
Ave., Peoria, Ill 

Sivley, G. A. (C), 2226 Missouri Ave., 
Peoria, Ill 

Van Dyke, E. E. (C), R. R. 5, Peoria, Ill 

Wegner, Russell (C), 525 McBean St., 
Peoria, Ill 

Wilson, R. A. (B), 922 Hamilton Blvd., 
Peoria, Ill 

Wimmer, Clifford (C 
Bartonville, Ill 


, 924 Hamilton Blvd., 


110 Franklin St., 


PHILADELPHIA 


Cleeland, Robert (C), Rubicon Co., 29 N 
6th Place, Philadelphia, Pa 

Gibson, W. Herbert (C), 2110 Architects 
Bldg., Philadelphia, Pa 

Hastings, B. F. (C), 1737 Chestnut St., 
Room 308, Philadelphia, Pa 

Shoyock, Joseph G. (B), “4 Belmont [ron 
Wks., 22nd St. & Washington Ave., 
Philadelphia, Pa 


ROCHESTER 


Mather, William (D), 32 Strohm St 
Rochester, N. Y 

O'Neil, Edgar B), 11 Argyle St., Roches 
ter, N. Y 

Wilson, G. G. (C 
Rochester, N. Y 


, 224 Scholfield Road, 


ST. LOUIS 


Dodd, L. H. (C), 1405 Paul Brown Bldg., 
St. Louis, Mo 

Wehmeyer, C. W. (C), Combustion 
Engrg. Co., 5319 Shreve Ave., St 
Louis, Mo. 


SAN FRANCISCO 


Leonhauser, A. O. (C), 437 A. Tehama 
St., San Francisco, Calif 

Emmett, W. E. (C), 303 Sharon Bldg., 
San Francisco, Calif 


SOUTH TEXAS 
Surguy, H. L. (D), 6847 Avenu 
Houston, Texas 
Westmoreland, W. L. (C), Cham; 
Paper & Fibre Co., Pasadena, Texa 


TULSA 

Briggs, Clay (C), Cities Service Oil 
Bartlesville, Okla 

Grubbs, Vernon (D), 1016'/, N. Delaw 
lulsa, Okla 

McLaughlin, W. A. (D), R. 6, Bo 
fulsa, Okla 

Meyers, Phil (D), 1143 E. Third 
Cushing, Okla 

Reed, Harley M. (D), Mid-Continent | 
Corp., 1406 W. Admiral, Tulsa, Okla 

Stoops, F. D. (D), 1623 W. 18th 
Tulsa, Okla 

Wilson, Loy (B), O. C. Whitaker, P. 0 
Box 2619, Tulsa, Okla 

Wright, H. H. (B), P. O. Box 661, Tul 
Okla 


WICHITA 
Ellison, Ralph (D), 710 E. First, Wichita 
Kansas 
Swenson, D. A. (B), Western Iron 
Foundry. Co., 702 E. 2nd St., Wichi 
Kansas 


NOT IN SECTIONS 

Abaunza, A. E. (C), 1031 Annunciati 
St., New Orleans, La 

Bell, Mace H. (C), 506 Stern Bldg., New 
Orleans, La 

Forssell, Pontus (C), Eriksbergs Mek 
Verkstadsaktiebolag, Gothenburs 
Sweden 

Higgins, E. C. (B), 1755 St. Charles Av 
New Orleans, La 

Howell, A. J. (D), 844 Franklin S 
Grand Rapids, Mich 

Huet, G. O. (B), 1755 St. Charles Av 
New Orleans, La 

Pine, Clyde (B), 615 City Park Ave., New 
Orleans, La 

Pingree, C. C. (B), Whitmore Oxygen C 
430 E. So. Temple St., Salt Lake City 
Utah 

Purvis, Henry R. (D), North Carolina 
Pulp Co., Fort Williams St., Plymouth 
nN. 


Sustaining Companies 


Churchward Engineering Co., Inc., 33 Sperry St., New Haven, 


E. 


Conn. Manufacturer of the Duro line of completely insulated 
and non-insulated electrode holders for use in electric arc welding 
Insulated types have metal parts completely protected from 
accidental arcing of the holder. Available in three sizes, 
Standard, Junior and Senior covering a range of '/j,-inch to 
3/.-inch electrodes and ranging in weight from 9 ounces to 32 
ounces. Features claimed are easily replaceable parts, extreme 
lightness, coolness and perfect balance, as well as rugged con 
struction and extreme precision of manufacture 

B. Badger & Sons Co., 75 Pitts St., Boston, Mass. Established 
1841. Designers and builders of complete plants and equip 
ment for distillation and treating of petroleum oils. Complete 
laboratory for evaluation of crudes and petroleum products 
Designers and builders of complete chemical plants for the pro 
duction of alcohol, solvents, synthetic chemicals, coal tar prod 
ucts, cellulose products, paints, ete.; for the rubber, food product 
and soap industries, etc., and recovery of wastes. Corrugated 
expansion joints for steam, oil and process piping, including high 
temperatures and pressures 


The National Tank Company, Tulsa Okla., specializes in steel 
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plate products fabricated by electric welding. These products 
include tanks and other vessels for various purposes, with 
specialization given to tanks for the oil industry. Of the 
principal items of manufacture, oil and gas separators constitute 
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the majority. These vessels have been made by electric welding 
for cold working pressures as high as 3500 pounds. Vessels ar 
made to A. S. M. E. and A. P. I.-A. S. M. E. specifications an 
plant facjlities include stress relieving oven, tensile testins 
machine and other equipment for proper construction of welded 
vessels 


The Worthington Pump and Machinery Corporation, Harrison, 


N. J., builds all kinds and sizes of Air and Gas Compressor 
Vertical and Horizontal; Air Conditioning and Refrigeratins 
Equipment; Surface Condensers and Feed Water Heaters wit 
either welded steel shells, or cast, as required. Steam, Die 
and Gas Engines, Steam Turbines. Reciprocating and ce 
trifugal pumping machinery—all sorts and sizes for every kind 
of service. Rock Drills and Contractors Tools. Liquid Mete: 
V-Belt Drives 


Wheeling Steel Corporation, General Offices, Wheeling, W. Va 


Manufacturers of Hot and Cold Rolled Sheets, Galvanizé 

Sheets, Black and Galvanized Merchant Pipe, Line Pipe, Casing 
and Tubing; pipe for special uses including Wheeling COP-R 
LOY Pipe and Wheeling Open-Hearth Ammonia Pipe; Tu 
Plate, Terne Plate and Black Plate, including DUCTILLITE 
Rods and Wire, including WELDING RODS, Wire and Wir 
Products, Wire Nails, Cut Nails; galvanized Range Boiler 

Heater Tanks and Steel Barrels 
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The Society assumes no responsibility Dock 
for the validity of claims in this Section 


PREVENTING ADHERING WELD 
SPATTER 


new material (Glyptal No. 1294) has 
announced by General Electric for 
prevention of the adhesion of weld 
ter to metals which are to be welded 
material, which can be used without 
on any metal surface, including 
hed stainless steel, will not produce 
yon to make the weld hard or brittle, 
will it reduce ductility. Likewise, it 
not give off smoke to fog up the 
mosphere and it will not form gas pock 

; or cause the weld to be porous 
In applying the new Glyptal prepara 
ion, spraying is preferred to brushing be 
iuse the former method assures a thinner 
vat. A thin coating will protect the 
work as well as a thick coating, if the 
irface is completely covered, is more 
onomical, and dries faster. On surfaces 
which are to be painted, this material fur 
ther serves as an excellent priming coat 
In addition, it prevents the forming of 
rust on steel in storage yards. This is 
irticularly important if the steel is to be 

ubsequently welded 


A. C. ARC WELDER 


4 new alternating current. welding 
achine is being announced and placed 
the market by the Owen-Dyneto 
Corp. of Syracuse, N. Y., it being maz 
keted under the trade name ‘“‘USL Pro 
ected Arc AC Welder 
Features of the new A.C. machine insure 
high efficiency and wide range of applica 
tions. It is designed to connect to any 
standard voltage or frequency power line 
It is rated at 150 amperes and has a range 
trom 30 amperes to 280 amperes output 
Open circuit voltage of 55 volts main 
taining 20 volts to 30 volts across the ar« 
USL Engineers state that the new unit was 
designed to fill the demand for a quality 
alternating welder that would meet the 
most grueling service requirements over a 
long period of life and still be within the 
range of popular price 


AUTOMATIC GAS-O-GRAPH 


This automatic mechanical flame cut 
ting machine for all types of shapes fron 
plates and billets is manufactured by 
Compressed Industrial Gases, Inc 221 


re | 





Re gulat« ri 


Or 


Prec 
never 
ethod 
N. LaSalle Street, Chicago, II Within on 
a range of thirty inches in width and un ee 
limited length, this new machine as illu me : 
trated can cut any type of shape Ma = 
chines to cut wider than thirty inches in 
width can be made to special ordet 
Cuts made by the Automatic Gas-O 
Graph are so clean and so accurate that 
machining is seldom required Cutting 
can be done from a tracing, template or 
pattern, and more than one torch can be 
used when multiple cuts are desired 
NEW ELECTRODE—FOR WELDING 
TOOL STEEL 
[he Harnischfeger Corporation of Mil 
waukee announces another in their long line 
of Smootharc welding electrodes—Smooth 
ar Hartung.” With a base metal of 
the highest quality tungsten molybdenum 
wire, this electrode is used for making tool 
steel cutting edges on medium carbon steel 
or for rebuilding worn tools and di 
The analysis of its deposited metal 
equal in composition and in property to 
the highest grade of high speed tool steel 
on the marekt yet it has extreme ai 
hardening properties which, without treat 
ment, possess hardne values in excess of 
60 Rockwell ‘‘C 
Dock 
tinee ff 
NEW AIR HAMMER AND ARC len 
WELDER ne ae 
: Grand | 
Borm Manufacturing Co., Elgin, Illi ies 
nois have just developed and are offering 
to distributors and users a new Elgin low 
priced A. C. Arc Welder with six graduated 
heat taps—20 to 120 amp. Good for 
continuous welding on | volts and inter 
Wittent on 220 volts, using up to '/s inch 
A. C. Standard Coated Welding Rod \ 
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REGULATOR FOR REDUCING AND 


STABILIZING AIR PRESSURES 





COMPOUND FACILITATES 
CLEANING AFTER WELDING 















INEXPENSIVE IGNITRON WELD- 
ING TIMERS 


improvements of ignitron 
tubes and simplified circuits and construc 
tion has resulted in an inexpensive West 
inghouse ignitron spot-welding timer, Type 
SP-11. This timer will mount two sizes 
of ignitron tubes. On low duty cycles, 
the WL-652 tube will carry 1500 amperes 
at 220, 440 or 550 volts, while the WL-651 
will carry 2800 amperes at 440 and 550 
volts or 4300 amperes at 220 volts. The 
current rating is decreased at higher duty 
cycles above about 3.5 per cent. 


Continued 


Ignitron timers provide high accuracy 
of control. They are adjustable to pass 
current for any exact number of cycles 
from 1 to 15. For longer times, the SP-11 
A is adjustable from 1 to 30 cycles. Weld 
ing machine current starts and stops at 
current zero eliminating line current tran 
sients. 


LOW-ALLOY STEEL WELDING ROD 


The Linde Air Products Company, 
Unit of Union Carbide and Carbon Cor 
poration, has announced a new low-allow 
steel welding rod, Oxweld No. 32 C. M.S. 
Steel Welding Rod, for applications re- 
quiring welds of particularly high strength 
It was developed primarily for insuring 
uniformly high-quality welds in high- 
strength steel pipe and plate. This rod 
develops an average tensile strength of 
10,000 to 12,000 Ib. per sq. in. greater than 
rods previously used for pipe welding, yet 
has sufficient ductility to meet any re- 
quirements 

Another outstanding characteristic of 
this new rod is its exceptional resistance 
to overheating in the molten state. Be- 
cause of this, the rod is particularly suit- 
able for use with the new four- and six- 
flame tips. When applying this rod, the 
weld-metal sets up more rapidly, making 
it easier to control the puddle on a curved 
or vertical surface. This makes greater 
welding speeds possible and also affects a 
reduction in gas consumption per weld 


POWER DRIVEN SPOT WELDER 


Unlike many motor driven spot welders 
which are essentially foot operated ma 
chines with 


motor drives added, this 


welder is designed specifically to be power 
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driven. All parts have the necessary bulk 
and strength to stand up under constant 
operation in production shops working in 
sheet metals or stampings. 

The G Series Welder is available in 
three standard throat depths and four 
transformer capacities and has a speed 
range wide enough to adapt it to the pace 
of any production line. The choice of 
throat depths is 12, 18 or 24 inches and the 
transformer capacities are 20, 30, 40 or 
60 kva. In each size, the transformer is 
water cooled to operate continuously at 
full load without overheating 


HELMET 


A new type of Head and Face Protection 
comprising a Welding Helmet and Skull- 
guard, has been added to the line of 
Welding Helmets and Hand Shields manu- 
factured by The Fibre-Metal Products Co., 
Chester, Pa 





A unique feature of this combination is 
the fact that the Helmet can be detached 
from Skullguard when working in the shop, 
where these hazards are not present, and 
a new simplified adjustable headgear is 


quickly attached. Also, equipped with a 
new patented headgear adjustment fric- 
tion joint which permits welder to adjust 
tension between helmet and headgear as 
desired 


ATOMIC HYDROGEN WELDING 
EQUIPMENT 


atomic-hydrogen arc-welding 

especially suitable for the 
welding of special alloys and thin sections 
dificult or impossible to weld by other 
methods, has been announced by General 
Electric. The equipment is particularly 
useful where a fusion weld is required; 
it produces a uniformly strong weld, free 
from porosity, and with an exceptionally 
smooth appearance. Some common spe- 
cific applications are: the building up of 
broken or worn sections of molds, tools and 
dies; the addition of a different metal for 
hard surfacing and other special require- 
ments; and the welding of light-gage 
stainless steel 


A new 
equipment, 
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RADIAGRAPH 


The Air Reduction Sales Com, 


60 East 42nd Street, New York, N. y 


has added to their extensive line of fan 
gas cutting machines, the new light-w: 
No. 10 Radiagraph. 





The exceptionally low price of the No 


Radiagraph places it within the purchasing 


range of most shops that cut steel slab 
plates and provides for the industry 
unprecedented value in flame cutting : 
chines. The No. 10 will cut bevels vy 
45° and needs no extra attachment for t 
type of work. Square edges and strais 
lines of any length desired may be 1 
duced and complete circles up to 85 it 
diameter can be cut, using the radiu 
and center point Weighing only 
pounds, it is extremely portable and 
be carried from job to job with no appr 
able effort 


ULTRASPEED SPOT WELDING 


The new spot welder is a revolution 
hi production spot welding method, allow 
ing a welding speed from 10 to 20 
per second, which is much faster 
hydromatic welding, gun welding o1 
other spot welding method 





A number of individual spot weldins 
electrodes (as many as required) are | 
under pressure simultaneously, each el 
trode having a separate pressure sprit 
and individual current connection rt 
welding current is supplied to the in 
vidual electrodes in rapid succession 
to 20 shots per second). A special curre! 
distributing unit of extremely simpk 
sign has been developed for this purpo 
After all the welds are finished, the pr 
sure is released simultaneously. Rot 
Welding Engineering Co., Inc., Detro: 
Michigan 
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Se WELDING 
ANNDBOOK 


N authoritative 1200-page condensed bo 

on welding representing the efforts of 35 
of America’s leading welding experts. Each 
chapter was prepared by one or more experts 
and carefully reviewed and modified by 
least five other specialists. 





Bound in attractive imitation green leathe 
covers, copiously illustrated! 


Just off press! 


Price $6.00 in the United States. $6.50 « 


where. Extra copies to Members $5.00. 


No one identified with the Welding Industry 
can afford to be without one of these books! 
Most of the leading companies are supplying 
each of their engineers, supervisors and { 

men with copies. A safe investmen 


ake 


AMERICAN WELDING SOCIETY 
33 WEST 39th STREET 
NEW YORK, N. Y 






























THE WELDING HANDBOOK « THE WELDING H 











SOCIETY AND RELATED ACTIVITIES 


















od 








NINETEENTH 
ANNUAL MEETING 


AMERICAN WELDING SOCIETY 


Detroit, Mich. Oct. 16 to 21, 1938 
Book-Cadillac Hotel 


The greatest meeting in the history of the Society in conjunction 


with the Metal Congress and Exposition! 


18 Technical Papers will be presented by outstanding experts. 
There will be separate sessions on Welding in Construction Work, 
Production Welding of Small Machine Parts, two on Applied Re- 
search, two on Fundamental Research, a Joint Session with the 
Mechanical Engineers, a session on Welding and Cutting Processes, 
another on Welding Machine Design, two Automotive sessions, and 
meetings devoted to Shipbuilding and Railroad Welding. Papers 
will include Welding and Cutting of Ferrous and Non-Ferrous Metals, 
Special Alloys, Engineering, Design, Inspection, Metallurgy and, in 


fact, almost every phase of welding. <A record attendance is expected. 


Members of the Society are urged to make their reservations with 
the Book-Cadillac Hotel at an early date. ‘The meeting will include 
provisions for the entertainment of ladies, social features, the Annual 
Banquet and Dinner, Inspection Trips. High lights of the sessions 
will be the key talk by W. J. Cameron of the Ford Motor Car Com- 


pany and the Address of Welcome by Richard W. Reading, Mayor of 


the City of Detroit. There will be the presentation of the Samuel 


Wylie Miller Memorial Medal and the Lincoln Gold Medal. 


One idea obtained as a result of attendance at this meeting will be 


worth the cost of attendance many times over. 
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=/ARC WELDING & 


MCKAY BUILDING 
PITTSBURGH, PA. 


ADVERTISING 








Sections AMERICAN WELDING SOCIETY 


CHAIRMEN, SECRETARIES AND REGULAR MEETING DATES 





lo Members 


When in any city where sections of the Society 
are located-——-try to attend the meetings if held 
during your visit his will widen your contacts 
in welding and enable you to interchange experi 
ence with others in similar lines of business 
If no regular meeting date is given telephone the 
Secretary who will tell you 


ATLANTA, GEORGIA Ist Tues. 
CHAIRMAN—M. C. SNEAD, Link Belt 
Co., 1116 Murphy Avenue, S. W 
ACTING SECRBTARY—G. D. Barr, 139 
Simpson St., N. W 


BIRMINGHAM 3rd Fri. 
CHAIRMAN—A. C. Le1GH, Ingalls Iron 
Works 


SECRETARY-TREAS.—W. L. Poorer, At 
Reduction Sales Company 


BOSTON 3rd Fri. 
CHAIRMAN—P. J. Horcan, General 
Electric Co., Lynn, Mass 
SECRETARY—P. N. RucGcG, Boston Edi 
son Co., 39 Boylston St 


CANTON, OHIO (Akron, Alliance, etc.) 
RoBpert M. WaALtace, The Griscom 
Russell Company, Massillon, Ohio 


CHATTANOOGA, TENN. 
CHAIRMAN—E, C. CHAPMAN, Combus 
tion Engineering Co., Hedges-Walsh 
Weidner Div. 
SECRETARY—-CHESTER T. RAymo, Chat 
tanooga Boiler & Tank Company, 
1011 East Main St., Chattanooga 


CHICAGO 3rd Fri. 
CHAIRMAN—R. E. MCFARLAND, West 
ern Electric Company, Hawthorne 
Sta 
SECRETARY—M. S. HENDRICKS, Room 
975, 608 So. Dearborn Street 


CINCINNATI, OHIO 
CHAIRMAN—F. H. Smita, The Lincoln 
Electric Company 
SECRETARY—Eric O'Hara, Cincinnati 
Gas & Electric Company 
CLEVELAND 2nd Wed. 
CHAIRMAN—F. L. PLumMMerR, Consulting 
Engr., 1944 Standard Bldg 
SECRETARY-TREAS.—A. LESLIE PFEIL, 
Universal Power Corporation 
COLORADO 3rd Wed. 
CHAIRMAN—G., H. GARRETT, Thompson 
Mfg. Co., 30th & Fariner Streets 
SECRETARY-TREAS.—Dan Ormsbee, The 
R. Hardesty Mfg. Company 


COLUMBUS, OHIO 
Pror. O. D. Rickiy, Ohio State Uni 
versity 
CONNECTICUT lst. Tues. 
CHAIRMAN—E. R. Fisn, The Hartford 
Steam Boiler Insp. & Ins. Co., Hart- 
ford 
SECRETARY—H. A. PENNINGTON, A. B. 
King & Co., 196 Chapel Street, New 
Haven 
DETROIT Ist or 2nd Fri. 
CHAIRMAN—D. H. Corey, The Detroit 
Edison Company 


SECRETARY—E. J. Rousseau, Commerce 


Pattern & Foundry Co. 
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HAWAII 4th. Tues. 
CHAIRMAN —E. E. Heacock, Hawaiian 
Gas Products Ltd., P. O. Box 2454, 
Honolulu, T. H 
SECRETARY—R. L. MULLEN, Honolulu 
Iron Works Co., Honolulu, T. H 


INDIANAPOLIS 
CHAIRMAN—R. D. EAGLESFIELD, 357 S 
La Salle St 
SECRETARY—J. S. WiiiiaMs, P. R 
Mallory & Co 


KANSAS CITY, MO. 3rd Mon. 
CHAIRMAN—J. A. HALL, Kansas City 
Structural Steel Co., Kansas City 
Kansas , 
SECRETARY—C. B. Herrick, Lincoln 
Electric Co., 1818 Main St., Kansas 
City, Mo 


LOS ANGELES 3rd Thurs. 
CHAIRMAN—P. D. McE.risn, Standard 
Oil Co. of Calif., Box 1437 Arcade 
Annex, Los Angeles, Calif 
SECRETARY—J. C. Gow1nec, P. O. Box 
186, Huntington Park, Calif 


MARYLAND 3rd Fri. except April 
CHAIRMAN—C. N. HILBINGER, T. A 
Canty, Inc 
SBECRETARY-TREAS.—R. A. MANSFIELD, 
South Oxygen Co 


MEMPHIS 
CHAIRMAN—MILTON Bowers. Milton 
Bowers Welding Company 
SECRETARY—JOHN N. Woops, Firestone 
Tire & Rubber Company 


MILWAUKEE 2nd Wed. 
CHAIRMAN—JOHN G. SHODRON, Mar 
quette University 
SBCRETARY-TREAS.— GILBERT F. MEYER 
Machinery and Welder Corporation 


MONTANA Ist Wed. 
CHAIRMAN—ADOLPH (CHAN, Nashua, 
Mont. 


SECRETARY—CHAS. F. GARMAN, P. O 
Box 474, Fort Peck, Montana 


NEW YORK 2nd Tues. except when 
Joint Meeting is held 
CHAIRMAN—J. L. WuL_son, American 
Bureau of Shipping 
SECRETARY—G. V. SLOTTMAN, Air Re 
duction Sales Co., 60 East 42nd Street 


NORTHWEST 3rd Wed. 
CHAIRMAN—JOHN NELSON, Butler Mfg 
Company 
SECRETARY—ALEXIS CASWELL, Manu 
facturers Assoc. of Minn., 405 Mar- 
quette Ave., Minneapolis 


NORTHERN N. Y. Last Thurs. 

CHAIRMAN—F. H. MIver, General 

Electric Company, Schenectady, N. Y 

SECRETARY—G. A. Ross, General Elec 
tric Co 


WESTERN NEW YORK Last Mon. 
CHAIRMAN—J. R. Dawson, Union Car 
bide and Carbon Res. Labs., Niagara 
Falls, N. Y 
SECRETARY—C. S. FREEMAN, The Lin 
coln Electric Company, Buffalo, N. Y 
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OKLAHOMA CITY Ist Tues 
CHAIRMAN—Q I BARNETT, | L 
Sivalls & Bryson, Inc., Box Ni 
Okla. City, Okla 
SECRETARY—K. B. Banks, P. O 
1377, Okla. City, Okla 
OMAHA, NEBRASKA 2nd Thurs 
CHAIRMAN—L. B. THOMAS, Ecor 
Welding Service, 18th & Cunins 
Omaha 
SECRETARY— G. E. McGratu, McG: 
Welding Co., 4026 Nicholas, O1 
PEORIA—CENTRAL ILLINOIS 
CHAIRMAN—E. E. ISGREN, R. G 
lourneau Inc 
SBCRETARY—W. Miskor, Lincoln | 
tric Co 
PHILADELPHIA 3rd Mon 
CHAIRMAN—Ep. G. Hostep, D1 
Institute Mech. Engr. Dept 
SECRETARY—H E HOPKINS, 
Corp., 401 N. Broad St 
PITTSBURGH Middle Wed 
CHAIRMAN—LEON C. BIBBgerR, Carnes 
Illinois Steel Corp., Carnegie Bui 
SECRETARY—J. F. MINNorTT! M 
notte Bros., 1201 House Bldg 


PORTLAND No dates set 
CHAIRMAN—G. C. DIERKING, Steel 
& Pipe Co., P. O. Box 1899, Sta 
SECRETARY—L. M. Pickett, Steel 1 
& Pipe Co., P. O. Box 1899, Sta 


ROCHESTER, N. Y. Ist Thurs 
CHAIRMAN—THos. S. GAYLORD, | 
man Kodak Co., Kodak Park \W 
SECRETARY—PAUL W. JAMEs, 3 
ley St., Rochester 


SAN FRANCISCO Last Fri 
CHAIRMAN—N. F. WARD, University 
Calif., Berkeley, Calif 
SECRETARY—J. G. BoLLINGerR, Air 
duction Sales, Park & Halleck 
Emeryville, Calif 
SAN JOAQUIN VALLEY 
CHAIRMAN—J. W. STEEN, Standart 
Co., Taft, Calif 
SECRETARY—H. S. Nix, Box 1364 


Calif 
ST. LOUIS 2nd Fri 
CHAIRMAN—F Cc FANTZ Midw 


Piping & Supply Company 
SECRETARY—A. R. Ross, City of 
Louis, 304 City Hall 


TULSA, OKLAHOMA 
CHAIRMAN—T. M. Hecocier, Tulsa B 
& Machinery Co., P. O. Box |! 
Tulsa, Okla. 
SECRETARY-—RICH R. THOMPSON 
Reduction Sales Co., Tulsa, Okla 


YOUNGSTOWN (OHIO) 2nd Mor 
CHAIRMAN—A. O. MILLER, Petrol 
Iron Works, Sharon, Penna 
SECRETARY-TREAS.—J. J. Moriat 
The Linde Air Products Co., You 
town 
SOUTH TEXAS 
CHAIRMAN—MArvIN Cook, Humblk 
& Refining Co., Houston 
SECRETARY-TREAS.—MALCOLM V. R 
P. O. Box 3052, Houston 
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WASHINGTON, D. C. 





Ist Tues. 
IRMAN—C. M. UNbDERWoop, U. §S 


ival Gun Factory, Washington, Organization Those 


rARY—N. W. Morcan, U. S 
ireau of Public Roads, Washington, 
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GREETINGS! 


American 
Welding Society 


) 
VP there is anything we can do to make your 

stay in Detroit more pleasant during the Na- 
tional Convention (Oct. 16-21), let us know. The 
Book-Cadillac is centrally located .. . in the heart of 
the business, shopping and theatre district. It’s not 
merely a “place to stay”... it is a place to live com- 
fortably! You'll be especially pleased with our 
“stream-lined service’’—a new idea in hotel manage- 
ment that leaves no stone unturned to make your 
stay enjoyable. All rooms are spacious and modern 

- Minimum rate $3.00. 


BOOK-CADILLAG «2. 


Directed by pone Hotel Management 
Company, Inc. 





Washington Boulevard at Michigan Avenue, Detroit Ralph Hits, President 
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— Are you RESISTANCE WELDING 


COLD ROLLED STEEL? 


Wherever you are spot, seam, flash or projec- 
tion welding cold rolled steel, electrodes of 
Mallory 3 Metal will do the job better for less 
money. Mallory 3 Metal is 60% harder than 
copper and lasts three to twenty ro s longer, 
when properly water cooled. It has beon al- 
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Manual and Automatic SPOT, SEAM, BUTT, FLASH, 
PROJECTION, PORTABLE GUN, FABRIC and SPECIAL 
RESISTANCE WELDING PRODUCTION EQUIPMENT 
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Welding News and information. Sent free on request by 


THOMSON-GIBB ELECTRIC WELDING CO. 
General Offices: 166 PLEASANT ST., LYNN, MASS. 
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most universally adopted as the standard 
electrode material for low-carbon steel where 
long continuous production runs must be made. 

Mallory 3 Metal resists annealing much better 
= than other electrode materials, thus saving 
E the cost of frequent redressings. 


l 





Put your difficult resistance welding problems 
up to Mallory metallurgists. Advise them of 
the kind and thickness of the metals you wish 
to join. Their recommendations will serve 
as a sure guide. 


P. R. MALLORY & CO., Inc. 


INDIANAPOLIS INDIANA 
Cable Address — PELMALLO 


at 
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A REVIEW OF THE LITERATURE TO JULY 1, 
By W. SPRARAGEN* and G. E. CLAUSSEN 
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— - : 0.26 C, O.S Mn, 0.04 Si 
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. hermit weided »1-1D 
had tensile properties equal to the base metal with ex — ee 

Si, 0.051 P) has good tensile 


cellent ductility and notch impact values of 6.2 mkg./cm 
he yield strength was slightly higher for the welds than p,... oe 14 
the base metal up to 400° C. 


The tensile and bend properties of welds in a steel Bare Electr . Uh 
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denum alloy shielded arc’’ electrode were practically the Varies Oe VY 50 IO / Li 
same as base metal. The ductility was improved by ‘trode Usually colic! led witl 
stress annealing. In the austenitic manganes 

‘he Committee on Low-Alloy Steels placed steels recovery Of Mariganest 
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the moderately air hardening class, the maximum hard- trodes, the recovery of mai 
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Oxyacetylene Welding 


The recovery of manganese in oxyacetylene welds 
varies from 34 to 99% (Mn range, 0.72 to 1.04%). The 
slightly carburizing flame is more effective in preventing 
Mn than is the neutral. An oxidizing flame 
causes loss of manganese through oxidation. 


loss of 


Coated Electrodes 

Reported recoveries from low-manganese electrodes 
vary haphazardly from 25 to 96%. In the medium 
range (1.55 Mn to 3.00 Mn) the recovery is 10 to 63%. 
Recoveries from high-manganese (10 to 14%) electrodes 
are high: 73 to 97%, the carbon recoveries also being 
high. 


General Observations 

One author states that suitable oxyacetylene welding 
rods for welding steels containing 1 to 2% Mn are Mn-V, 
Mn-W and Mn-Mo. Another recommends electrodes 
containing Mn, or Mo, or N1-V. 

There is slight air hardening near the weld in oxyacety- 
lene welding aircraft steel containing 0.30 C max., 0.35 
Si max., 1.75 Mn max., especially if the carbon and 
manganese are on the high side, but there is none with 
plain carbon steel (0.20—0.30 C, 0.60 Mn max.). It is 
recommended that large sections of steel containing 
0.25-0.35 C, 1'/4-1*/4 Mn be preheated to 150-260” C. 
(300—500° F.). 

Manganese is often recommended as an additioi to 
gas welding rods and electrodes. 


Forge Welding 

Manganese in steel has not caused forge welders much 
trouble. In fact, for water gas welding steel with 0.30 
C, 0.20 Si, 0.06 P, 0.03 Si one author found that 1% 
Mn had to be added. The MnO formed a fluid silicate 
with the finely dispersed particles of silica. 
Resistance Welding 

Flash welding raises the strength but lowers the duc- 
tility of rails containing 0.44-0.46 C, 1.01-1.03 Mn, 
0.038—0.054 Si, 0.070—-0.076 P, 0.059-0.110 S. The 
Izod fracture showed a coarser grain size in the weld 
than in the unaffected rail but the notch impact value 
was practically the same. 
Flame Cutting 

Steels '/2 inch thick containing 0.12 C, 1.00 Mn, 
0.62 Si, 0.26 Cu, 0.04 Ni, 0.00 Cr, 0.088—0.098 P, 0.024 


S offer no difficulty to flame cutting. The depth of the 
heat-affected zone was 0.04 inch. 


WELDING 14% Mn STEEL 


Oxyacetylene Welding 

Ni-Mn steel can be both arc and oxyacetylene welded, 
whereas plain 14% Mn steel can be best arc welded. 
Excellent results have been obtained with a filler rod of 
18-8 or 25 Ni steel. Oxyacetylene-welded Ni-Mn steel 
frogs (0.6—-0.9 C, 0.60—0.85 Si, 2.5-3.5 Ni, 11.0-13.5 Mn) 
have been in service two years without cracks. The 
welds were peened hot, and no effort was made to ‘“‘skip 
about”’ in welding. : 


Metal Arc Welding 

One commercial electrode for 14% Mn steel contains 
1.3 C, 0.35 Si, 5.0 Ni, 14 Mn. Are voltage is 30, and the 
current is 75-100 amp. for '/s-inch electrodes, 175-225 
amp. for '/,-inch electrodes. If porosity is to be avoided, 
weaving is essential. Peening prevents crater cracks. 
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A wandering sequence is best. The bare Ni-M wil I 
trode is easier to deposit than the coated. tu 
The 18-8 electrode has often been used for 14°, \J, 





steel. For switch points it is recommended tha: th, as, 
part to be surfaced be prebent '/2 to */i¢ inch a: 


faced with a few layers of 18-8 electrodes. The 

straightens the point. No metal should be dey WE 

on 14% Mn frogs until the brittle, work-harden 
face has been ground off. Butt we 
‘ ‘ Cu (S6-se 
Mechanical Properties (Hardness) electrode | 
The mechanical properties of welds in rolled 14°) \ bend elor 
steel made with a coated Ni-Mn electrode, report Welds ma 
one author are: had 86,02 
elongatiot 


Tensile strength 105,000 Ib. /in.? 
Elongation = 30% 
Cold bend angle 90° (no details) 


dure is th 
erties bein 
the mang: 
Another author reported a tensile strength of § 
lb./in.*, elongation 9.2% in the length of th 
reduction of area = 6.0% for a weld made with a b 
electrode in a rolled rail containing 1.00 C, 0.40 Si, 


Uxvyace 

13 Mn (tensile strength = 92,000 Ib./in.*, elongatio: steel 0.59 

11.3% in 5 diameters, reduction of area 239, weld had 
Cc ( 


strength of 14% Mn castings is lower than that of 1 


impact V 
products. 


impact Ve 
Microstructure 


Welds in heat treated wrought 14% Mn steel are 


ject to the same microstructural changes as the cast Excelle 
steel. The deposits consist of coarse columnar grains been obt 
with dendritic markings and a small amount of fre arc electr 
carbide. Fine, intercrystalline cracks were observed 0.18C,0 
in the heat-affected zone, which were said to be caused 
by the high thermal gradient in the weld, which, in tur 
was related to the low thermal conductivity of 14% M 
steel. A hot peened weld contained slip bands i: 
lower layers. 
The presence of nickel in the Ni-Mn electrod 
sults in a transition zone between deposit and base metal 
If the carbon content of the electrode is held as low 
possible, the carbon content of the transition zon 
diluted, so that carbide precipitation is reduced t 
minimum. [wo r 
The microstructure of welds between 14% Mn ste steels hi 
and other steels may involve transition zones in whic! Weldin: 
change of phase occurs as well as a change in co! WELDIN' 
tration. L937; Tl 
Welded 
Flame Cutting Sept. 19 
Manual cut surfaces are coated with ledeburit: : In thi 
carbon brittle eutectic), which sensitizes the surfac hardnes: 
cracks. No ledeburite was observed on machin the welc 
surfaces, the hardness of which was 320 Brinell (bas prcece 
metal = 220 Brinell). The heat-affected zone in flan eS 


mangan 


cut 14% Mn steel is not so deep as in mild steel becaus 
/¢ I 
arate se 


the thermal conductivity of the 14 Mn steel is low 


Sage : Mn stee 
the cutting torch is followed by a stream of water, th oe 
edge remains austenitic but, nevertheless, carbide pr: lave be 
ipi i > 3 : a. taining 
cipitation occurs in the grain boundaries. Theret mi 5 
one author believes that flame cut 14 Mn steel should saunas a 
but ste 
heat treated. 
sidered, 
recover 
WELDING NICKEL-MANGANESE STEELS steel hi 
mangal 
The welding and flame cutting of steel '/; to it. a 
thick containing 0.25—0.40 C, 10-12 Ni, 6-8 Mn t rene 
self and to mild steel for transformer covers are descri! a ‘. 
by one author. Heavy coated 18-8 electrodes are eee. 
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15% higher current than for mild steel elec 

The electrode should contain 17-19 Cr, 7.50 

0.06-0.15 C. The welded joints were as strong 

:S, tronger than, mild steel and had better ductility 
was no difficulty in flame cutting. 


vit to 


WELDING COPPER-MANGANESE STEELS 


Butt welds in steel containing 0.25 C, 1.35 Mn, 0.53 
Cu SS B Rockwell) made with a coated low-carbon 
electrode have a tensile strength of 82,850 Ib./in.’, free- 
bend elongation = 40.4%, and 88-90 B Rockwell 
Welds made with a coated low-molybdenum electrode 
had 86,020 Ib./in.* tensile strength, 51.2% free-bend 
ngation and 86-92 B Rockwell. The welding proce 
jure is the same as for mild steel, the best welding prop 
erties being obtained with 0.25 C or slightly less, and with 
the manganese content nearer 1.25 than 1.75% 


WELDING CU-MN-NI STEELS 


Oxyacetylene double-V butt welds were made in a 
steel 0.59 inch thick using a Cu-Mn-Ni steel rod The 
weld had higher strength than base metal, but the notch 
impact value was low. Normalizing raised the notch 
impact value 


WELDING CU-MN-CR STEELS 
Excellent tensile, bend, and impact test results have 
been obtained from V butt welds made with a shielded 
are electrode in low-alloy steel 0.39 inch thick containing 
0.18 C, 0.37 Si, 1.08 Mn, 0.43 Cr, 0.57 Cu 


WELDING CU-SI-MN STEELS 


Unmachined, multi-layer butt welds made with cov 


ered electrodes and backing strip in cross-shaped rein 
forcing bars 0.22 C, 0.9 Si, 0.5 Mn, 0.5 Cu) had about 
the same properties as unwelded bars. The microstruc 


ture was fine grained 


WELDING CU-SI-MN-MO STEELS 


Flame cutting steel 0.39 inch thick containing 0.13 ¢ 
1.00 Mn, 0.60 Si, 0.42 Cu, 0.1 Mo had 
sile strength, elongation or reduction of area 


WELDING CR-MN-SI-STEELS 


mechani 
steel depe I d on 


As with most low-alloy structural steels, the 
cal and welding properties ol Cr-Mn-Si 
the carbon content. 


Tensile properties slightly less than the base metal 
with good ductility on steel containing 0.20 ¢ 04 Mn, 
0.51 Cr, 0.91 Si have been obtained with a molybdenum 


alloy electrode 

Up to 0.15 C another author states the Cromansil 
have no air hardening tendenci Butt welds 
in low carbon Cromansil had a yield strength 63,000 
lb./in.*, tensile strength il bend 
elongation 20 to 359 Effective coatings to pre 
serve the alloving elements in Cromansil electrode 
a purely mineral slag 
a low melting point 


steels 


86,00 to 9S,000 Ib 
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Liciulm If hicate 


consist ol 


which has 


Welding Manganese Steels 


INTRODUCTION 


[wo reviews of literature on the welding of manganese 
steels have been made prior to the present re 
Welding Special Ferrous Alloy Castings, AMERICAN 
WELDING SOCIETY JOURNAL, 16 (6) Suppl., 5-9, June 
37; The Effect of Total Carbon and Manganese o1 
Welded Joints in Low-Carbon Steel, 16 (9) Suppl., 23-32, 
pept 1937 ) 


View 


In the earlier reviews the mechanical properties and 
hardness of welded pearlitic manganese steels as well as 
the welding of cast 14% Mn steel were discussed. The 
present review extends the scope of the previous review 
on pearlitic manganese steels to include the effect of 
manganese on reactions in the weld puddle, and, in a sep 
arate section, summarizes available information on 14% 
Mn steel welding apart from castings. Separate sections 
have been allotted to pearlitic manganese steels con 
taining other alloying elements. Pearlitic manganese 
steels are usually understood to contain 1.0 to 2.0% Mn, 
but steels with lower manganese content also are con 
sidered, particularly in the section on recovery Phe 
recovery of manganese from welding rods for 14% Mn 
steel has been summarized in the section on pearlitic 
manganese steels 

Che effects of manganese on solid steel have been dis 
cussed in the earlier review on pearlitic manganese 
steels. Although silicon and manganese are quite 
inlike in their effects on solid steel, they perform the 


WELDING MANGANESE STEELS 


same function as deoxidizers in liquid steel Manganese 
reacts with FeO to form MnO (melting p HOO” ¢ 

or, if silicon is present, silicates: MnO-SiQ, (decompos« 
at 1285" C MnQ )o-SiOs (dece 
MnQ)o-FeO-S10O 


TOY 


melti point about ( Be 
tween 55 and 7 ( 


MnQ, mixture 
S00” ¢ Che product f di ida 


> be 


between 1225~ and 
tion with manganese are considered t ilesce w 
particular rapidity and to rise rapidl to th Lf 
Che recovery of manganese trom SO%, terromanganest 
has beet 
to 90% in the 
760 mm. mercury) 1s 
ot 1ron 18 3200 C¢ 


reported to be 


turnace 
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Since the preparation of the earlier r 
information on the properties of pear! ma 
steels has appeart d which, together w | 
were not pertinent 
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of 6 inches/min. 180-190 amp. D.C.) down the middle 
of the length of 3 x 6 x '/2 inch ground plates, Table 1. 


Table 1—Single Bead and Weld Quench Tests of Low Alloy 


Manganese Steels. Bruckner 


Vicker Hardne 10 Kg Load 
Maximum Hardne of Half Size 
Heat-Affected Zone Charpy Value Per 
0 260 S75 Ft.-Lt Cent 
No ( 4 After ol 
Base Pre Pre Pre Pre Base Weld Base 
( Mn i Metal heat heat heat heat Metal Quench Meta 
0.24 0.48 0.23 143 224 0) 3 174 ; ; 00 
0.27 0.74 0.21 172 287 206 200 19 9 47 
0.29 Or 0 18] 2 24¢ 33 4 2 7 


Che maximum hardness in the heat-affected zone in- 
creased with the manganese and carbon contents and 
decreased as the preheating temperature was raised. 
Half-size Charpy specimens of these steels were heat 
treated to secure a grain size and microstructure iden- 
tical with that in the zone of maximum hardness of the 
unpreheated single bead specimens. The Charpy value 
of these “‘weld quench” specimens decreased as the 
manganese content increased, compared with the Charpy 
value of base metal. 

Continuing their tests on the sensitivity of alloy 
steels to welding cracks (see review of literature on 
Welding Chromium Steels, AMERICAN WELDING SO 
CIETY JOURNAL, 17 (7) Suppl. pg. 23, reference 110), 
Bardenheuer and Bottenberg'* determined the sensi 
tivity to welding cracks (Miller clamping apparatus) of 
the three steels 0.04 inch thick listed in Table 2. The 


Table 2—Sensitivity to Welding Cracks of Low Alloy Man- 
ganese Steels. Bardenheuer and Bottenberg 


Per The tensile and bend properties of welds in a 
ntage — on~ rr ~ . as ‘ 
ae containing 0.27 C, 1.54 Mn, 0.20 Si made with a ‘‘n 
Length denum alloy shielded arc’’ electrode, according to 
Elonga- of Weld 
Tensile tion, % Occupied 
Strength, in 8S by 
Cc Si Mn P S Lb./In.? Inches Cracks Table 4—Tensile and Bend Properties of Arc Welded Man- 
038 0.20 1.20 0.058 0.084 102,000 18.0 19 Ten. Jennings 
0 50 0.80 1.22 (0.048 0.028 123,000 13.5 29 
0.34 0.22 1.40 0.074 0.0380 103,000 1I8.3 54 Elonga 
Yield Tensile tion, E] 
Strength, Strength, % in 
Specimen Lb./In.? Lb./In.? 2 Inche 
steels were high frequency induction furnace melts and  Unwelded base metal 55,000 to 80,000 to 20 to 25 
were left-hand welded with a neutral flame. The con 65,000 90,000 
sumption of filler rod (0.05 inch diameter) was 1 gm. in As welded 53.000 90.000 15 
9: } _ f reld i nies tl a little . ‘tical re] 1j ; Welded and _ stress 
2 inches of weld. ince there Ss e practical welding annested at (G50 
difficulty if the sensitivity is 25% or less, the first steel C. (1200° F.) 51,000 88.000 2) 
in Table 2 is satisfactory. 
Table 3—Oxyacetylene Welding Rods Containing 1 to 2% Mn. Stursberg’” 
Notch 
Yield Tensile Elonga- Bend Bend Impact Brit 
Strength, Strength, tion, Angle, Elongation, Value, Hard 
Specimen te Mn Si P S Lb./In.’ Lb./In.? %* Degrees 79 Mkg./Cm.? n¢ 
Plate 0.24 inch thick 0.35 0.65 0.18 0.0383 0.034 51,000 83,000 94.3 180 36.7 8.2 168 
Plate 0.59 inch thick 0.38 0.838 0.23 0.027 0.022 59,800 90,500 99 4 180 43.3 8.3 183 
Rod 5 0.20 1.05 0.66 0.012 0.021 +99,000(0.9) +36 (1.0) #91 (1.05 +17 
1.1) (1 
Rod 6 0.30 2.03 0.17 0.016 0.022 +96 ,500(0.9) : 736 (1.0- #8.8(1.0) +170 
bas | 
* Gage length = 5.5 inches for 0.24-inch plate; = 4 inches for 0.59-inch plate. 
+ Weld 
** For unwelded plate, plunger thickness = 3 T (T = plate thickness); for welds, plunger thickness = 0.59 inch; specimen 
machined to 0.20 inch thick; gage length = 0.59 inch; cracks, if any, had to be 0.02 inch wide 
( ) = mixture ratio 
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Double V oxyacetylene welds in curved boiler 
1 inch thick (0.12 C, 0.80 Mn, 0.24 Si, 0.029 P, 9. 
vield strength = 39,200 Ib./in.*, tensile strength 
900 Ib./in.*, notch impact value = 19.4 mkg. /em 
made by Czternasty' using strips of base metal a 
rod. The weld contained 0.13 C, 0.48 Mn. 0 
0.0435 P, 0.028 S, the high phosphorous content bei: 
to absorption from flame or to segregation in thx 
Che welded joints had a yield strength = 40,500 Ib. 
tensile strength 63,500 Ib. /in.*, 38% elongatio1 
and 41% cold bend angle and elongation, and 
impact value 6.2 mkg./cem.? At 300° C. th 
strength was 27,000 Ib./in.? unwelded, 30,000 Ib 
welded. At 400° C. the yield strength was 20,000 I 
for unwelded plate, 24,000 Ib./in.* for weld. 

The tensile strength, bend elongation and not 
pact value of right- and left-hand oxyacetylene wel 
medium carbon steel made with two rods, Table 3. 
maximum in Stursberg’s” tests when the ratio of « 
to acetylene by volume (mixture ratio) was 0.9 1 
The reduced section tensile specimen for the weld 
0.16 inch thick, 0.55 inch wide, 0.59 inch parallel sect 
The notched face of the notch impact specimen wa 


0.16 inch wide, otherwise the specimen was ident 


with the standard German round notch specimer 
on side of weld). The welds were of the V butt 
with reverse pass of the torch without additio1 
rod, but carburizing flux technique was not used 
hardness of the weld-metal was the same as plat 


flame contained 2% excess acetylene. The notch im 


value was 3 to 4 mkg./cm.? at a mixture ratio of 1.6 
was reduced to 1 to 2 mkg./cm.? at a ratio of 0.9 
bend elongation at a mixture ratio of 0.9 was 11 to 
The tensile strength at the mixture ratio correspo1 
to maximum notch impact value was about the san 
base metal. 
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s,° Table 4, were practically the same as base metal 
ductility was improved by stress annealing. The 
Committee on Low Alloy Steels* placed steels containing 
0.29 C, 1.36-1.64 Mn, 0.04—-0.18 Si in the moder 
air hardening class, the maximum hardness near 
weld (no details) being over 96 B Rockwell Phe 
Charpy notch impact value of are welds in these steels 
to 36 ft.-lb 

vered electrodes (0.16 inch diameter, 0.08 C, 0.18 

in weld) were superior to bare in the tests of ar 
led rails, Table 5, made by Csilléry and Péter 


Table 5—Arc-Welded Rails. Csillery and Peter 
pecimen % Mn Si ~ Pp 
ul 0.42 QO. v4 0.16 0 O21 0 029 
rder rail 0.53 105 O12 0.02 043 
stray 4 0.4 0.05 O25 
Katona joints were made (butt-welded head, fillet 


welded foot strap), and were cooled in sand after being 
welded Che maximum hardness in the heat-affected 
ne of both rails was 264 Brinell. Wear tests revealed 
lifference between weld-metal and base metal in the 
nt, and joints in both rails had practically the same 
static and impact bend properties. The greater the 
ariations in hardness in the joint, the lower were thi 
bend properties. 
fests reported by Bierett,® Table 6, show that the 
aximum hardness in the heat-affected zone of a plat 
73 inches thick, 10 inches wide, containing 0.20 C, 
SS Mn, 0.48 Si, 0.08 Cu created by a single bead de 
posited in the center (speed of welding and other details 
not stated) decreased as the diameter of the 
ncreased 


electrode 


Table 6—Effect of Diameter of Electrode on Maximum 
Hardness in Heat-Affected Zone. Bierett 
Diameter of electrode, inch 0.12 0.1 ys 24 
Maximum Brinell hardness in 
Heat-affected zone 265 221) \ 905 
] ntage increase above unaf 
ted base metal 130 LOO ( RO 


Basing efficiency on the tensile strength of the un 
welded pipe, Hodell’ found that the efficiencies of welded 
joints in oil well casing 6 inches outside diameter, wall 
thickness about 0.40 inch, containing 0.22 C, 1.16 Mn, 
or 0.30—-0.34 C, 1.65 Mn made with a coated electrode 


ontaining 0.26 C, 0.8 Mn, 0.04 Si, 0.029 S, 0.020 P were: 


Bell-and-spigot joint, 2 beads—100% 
Bell-and-spigot joint, 1 bead 84.3% 
Butt joint 90% 


Fractures occurred in the weld, the tensile strength of the 
double bead bell-and-spigot joints being 92,000 to 94,000 
b./in.? in both steels. 


Table 7—Tensile Properties of Arc-Welded C-Mn Sheet. 


Hinde* 
Yield Tensile Elongation, 
Strength, Strength, % in Location of 
Specimen Lb./In.? Lb./In.? 2 Inches Failure 
Unmachined 60,500 94,000 14 Base metal 
Ground flush 64,000 94, 000 17 Base metal] 


Ground flush and 


hole drilled in weld 80,500 110,000 6 Weld 


(10% in 
1/, inch) 
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he tensile properties of 16-gage butt-welded sheet 
containing 1'/2 Mn, <0.30 C, according to Hinde 
lable 7, were not affected by grind the weld flush 
Covered electrodes l4 gage were l Hinde mi 
takenly interred that the vield rat veld-metal wa 
higher than that of base metal 

Chermit welded 131-1b. rail O7 ¢ 2 Mn, 0.09 Si 
0.021 P, 0.051 S) has good t le ind notch impact 
properties, according to Clarks lable & Phe spec 


mens were cut parallel to the | 


Table 8—Thermit Welded Rail 


Clarke 


44 

i | . 

Rarely does mild steel contain | t] “Yo M It 
is interesting, therefore, that Wilheln teels, Table 9, 
containing unusually low ma inese had thi Lim 
welding properties as steel containing the usual quantity 
Ol manganese The steel wa mad trol cTap 1 a 
bask open hearth No manganest ere mace 
and anthracite coal was used for recarburizati \] 
though not stated, the silicon content was probabl | 
A full section tension specimen was used for the un 
welded plat The reduced sect pecim for the 
welds was 0.78 inch wide at the irrowest section, the 
weld, and 1.18 inches wide at the avidest sectior Chere 
was no parallel sectiot Che fillet rad 0.78 inch 
Che standard German round-not mpact specimen wa 
used The atomic hydrogen weld in the tl plate w 
made without filler rod; a special rod was used for the 
thick plate The vield strengtl the forge welded 
specimens were 40,400 Ib./11 top) and 38,100 Ib 
bottom the elongation in 0.7S in va a) top 
and 17.5% (bottom 

In general, the plates from the bott { 
better welding characteristi 1 produced stronger 
welds than plates from the top. In all welds the pen 
tration was good and the structure v the ume as 1 
welds in manganese-deoxidized ( ere wa 


welding characteristi« 


difference in umpl 
from center and edge of plate; consequently, a egre 
gation that may have existed had 
RECOVERY (INCLUDING 14% Mn STEEL 

When a welding rod containing manganese is deposited, 
manganese may vaporize as gaseous Mn or as a gaseou 
Mn compound, or the manganese may combine with 
oxygen, silica or sulphur, or it may remain in the steel 

he vapor pressure of Mn in dilut luti steel, 
even in 14 Mn steel, must be much lower than the vapor 
pressure of pure Mn Consequently, | of Mn by 
vaporization as Mn during welding is not likely a 
the relatively low boiling point of Mn might lead one t 
expect An increase in Mn in the welding rod increase 
the vapor pressure of Mn in the rod Vaporization of 
Mn as a gaseous compound has never been observed 
welding. The boiling points of the manganese oxides 
carbides (apparently MnsC has no lower boiling or d 


composition point than Mn, Ruff), and silicates are higher 
than Mn. Newell 


belie ved that malivanese Carvol yl 


Table 3—Low-Manganese Steels Used by Wilhelm 








and Mechan 
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Table 12—Recovery of Manganese from Bare Electrodes trodes. Tabl ere 
Pilarczyk saad = 1m 4. aye 
2 4 4 ect I 
2 4 ‘ 
7 ; 24 17 ‘ ‘ ‘ 
04 S 5 | r r ' r 
y 2 $ 4 4 : 
s a sa is a 
. . ‘ ‘ : 7 
rmed in the arc and vaporize but he had ex ae ee i ad 
nental evidence whatever _ ee ; ‘ 
the manganese combines with oxygen, silica, sul BR Dilns 
ur or some other substance, the mpound may ap cy ve C 
pear in the slag or remain in the steel as an inclusi PE ye : 
is an inclusion in the steel, the manganese may or may me a a 
t appear il the reported comp S171 tne WV ch ‘ - . 
t, depending on the solubility of the D PRL ‘ ‘ 
inaiyt il reagent In this discuss I re er | enn . ‘ 
s assumed that the manganese contents report ( re © ‘ 
estigators are manganese in solid solut t , = 


, ; 
arbide in the filler rod and deposit. 1 I I ion anil on ‘ , 
Al a 1 CarbDiage manganese S 11S g Snie¢ , ‘ - 
Mi Da ‘ “ > — _ : Aves ax) Witohiss 7 
S M as Siag r Vapor Rec very 1S ¢ pressed as : rae 
f } . 11; . ate: mas . e : ps. : 
e percentage of the metallic and carbide manganes« “ae ‘ . 
the electrode that is recovered in the same forms 
weld deposit In the absence in every ins 


rmation on the composition and amount ol slag Ir : . 
' 
eliciency Oi deposition (ratio oI weight ol deposit t i es - 
cork Poll } 11 7] 1OT _ : . c 
ght of filler rod used), all calculations of re ery art 7 , ye : 


ipproximate. Since practically nothing is known about oon prot 


Mn-O and other reactions (rates, equilibria) at weld > oat I i 


g temperatures, nothing can be said about the prol ’ SS aaes 
e eliect of increasing manganese on re ery, apart 





rom the experimental work that is 


liowing sections. 





ire Electrode 
Information on the recovery of manganese from bare 
ctrodes is summarized in Tables 10 to lf lable 
ntains the results of a number of scattered investiga ‘ 
ns which show that up to 3% Mn, the recovery varies é 

rom 0 to 95%. Low carbon content in the electrode 

sually coincided with low manganese recovery. In the 

austenitic manganese steels (10-14 Mn, 1 C) the rec : 

ry of manganese is 79 to 89%, the recovery of carbor ° 


eing 74 to 93% (omitting the exceptional results 
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Table 14—Effect of Welding Conditions on Recovery of Manganese from Bare Electrodes. 


Electrode 0 Electrode | Electrode Electrod Electrods 
Specimen C Mn R Mn R C Mn R Si Cc Mn R Si C Mn R 
Analysis of electro le 0. OY 0 43 14 0.73 () 39 1.10 1) O7 1) 68 ) 74 ) 15 () 98 0. 1¢ 
High, narrow bead 0.02 0.22 51 03 0.29 40 0.10 ).62 57 0.02 0.23 0.42 7 0.03 0.43 0.17 
Broad, flat bead 0.02 U.Zo 58 ) th 0.29 +) 0.1] 0) 6] 56 0 OY 0.23 0 3&8 = , O5 0.42 0.15 Q4 
Current 95 amp 0.038 0.24 56 0.08 1.29 40 0.08 0.55 50 0.01 0.24 0.48 65 1.03 0.46 0.19 10% 
Current 1l5amp. 0.03 0.20 47 0.03 0.29 40 0.10 0.65 59 0.02 0.24 0.48 65 1.05 0.46 0.20 1004 
Current l60 amp. 0.03 0.24 56 0.02 0.29 40 0.10 0.61 56 0.01 0.24 0.44 60 0.08 0.45 02 ' 
Long arc, 0. 59 inch 0.03 1O 23 ) ) Ss 0.6 0.37 34 0.01 0.09 0.38 51 0.02 0.31 O15 4 
Two beads supet 
posec | 0 O8 0.1; 4() 4) O08 0.21 2Q 0) OF 0 6] } ) O] 0.25 0 5O HR () ( 0.52 () ‘ 
EFlectrods positive 0.06 0.25 aS ‘) OY ) 2S Pe) ) js 0) 63 vi {) )? 0.23 () 17 64 0.04 0.48 710 ) 
Electrode ne gative 0.02 O. 2a 34 1) 05 Be we ) ON 0.42 ss (). 0] {) 27 0.31 12 () 0) 1) 53 {) 1Q r 
R Recovery of manganese, %. 
Different welding conditions, Table 14, were also 
investigated (no details). The lowest recoveries were Table 16—Effect of Diameter on Recovery of Manganese 


obtained with a long arc. Straight polarity also re 
sulted in low recovery of manganese. Hoffmann” 
stated that loss of Si, Mn and C from bare electrodes 
was 30% greater with straight than with reversed polar 
ity. Welding current and shape of bead had little 
effect The high recoveries with electrode 4 probably 
reflect pick up from base metal. 

The effect of increase in arc length in decreasing re 
covery of manganese was confirmed by Losana,'* Table 
15. Bare electrodes 0.16 inch diameter, D.C., were de 
posited on mild steel. The current was about 100 
amp. at 0.08 inch are length, and about 200 amp. at 
0.39 inch. The effect of arc length is not due primarily 


Table 15—Effect of Arc Length on Recovery of Carbon and 


Manganese from Bare Electrodes. Losana!” 
Electrode Contained 0.21 C Electrode Contained 0.41 ¢ 
0.92 Mn, 0.18 Si, 0.16 Ni 0.82 Mn, 0.19 Si 
% Re % Mn Re % Re % Mn Re 
Arc in covery in covery in covery in overy 
Length er of ¢ De of Mn De of ¢ De of Mn 
Inch posit / posit % posit . posit o/ 
0.08 0.092 14 0.102 11 0.128 31 0.122 ; 
0.20 0.034 16 0.040 4 0.051 0.041 ) 
0.390 0 O18 g 0.008 l 0.023 H 0.009 l 


to increase the current, because the recovery of manga- 
nese increased as the electrode diameter increased, 
Table 16. The current was not stated; an automatic 
welder, D.C., was used and the length of are and cur 
rent was the same for all electrodes of the same diameter. 


Pilarezyk 


from Bare Electrodes. Losana 


Percentage Mangan in Deposit 
Composition of Electrode Electrode Electrode 
Electrode Diameter Diameter Diameter I 
( i Mn 0.08 Inch 0.16 Inch 0.24 1 
0.19 i) } 0.28 ° trace 0.016 0.02 
0.22 0.20 0.6 0.026 0.051 0.004 
0.41 0.19 0.82 0.062 0.088 0.146 
0.10 0.17 O.8Y 0.054 0.070 0.124 
0.65 0.22 0.04 0 O84 0.108 0.196 j 
Average Recovery / 9 


weld-metal to the air before or during passage fr 
electrode to puddle is an important factor. 

Hodge* estimated that the recovery of mangan 
from bare electrodes containing 0.30 Mn may be 40° 
Mild steel rods deposited by carbon arc in hydroge 
cording to Tichodeev,” lose 8SO% of their mangarn 
content. More than half the loss occurred at th 
of the rod. Tichodeev believed that the same loss woul 
occur in depositing bare electrodes in air. Tests by M 
Cune” showed that 58% of the carbon and 65% of 
manganese was recovered from bare 
taining 0.90-1.10 C deposited in air. Scarcely 
effect on recovery of manganese and carbon was 
served by Kessner and Specht*! on cold working 
mild and low-alloy steel electrodes. 


electrodes 


Oxyacetylene Welding 

In fused beads made with rods containing up to + 
Mn and in V welds in 0.39-inch plate of the same cor 
position as the rod (no details), Portevin and Leroy 
found that manganese has no effect on the recovery 


The results suggest that the degree of exposure of the 


Manganese, 
Weld 


Rod 
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0) 
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39 


67 
17 
18 
45 
17 
53 
Qg 
35 
ov) 
6 


Carbon, 


or 


A 
Rod Weld 
0.25 0.13 
0.25 0.381 
0.25 0.10 
0.12 0.13 
0.45 0.138 
0.19 O.10 
0.60 0.35 
0.60 0.31 
0.18 0.06 
1.10 1.00 
0.87 0.92 
O.87 0.96 
L.i¢ 1.3 


Silicon, ‘ 


carbon. 


Table 17—Recovery of Manganese in Oxyacetylene Welding 
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Notes 
10% excess oxygen, all-weld-metal 
Carburizing flame, all-weld-metal 
Neutral flame, all-weld-metal 
Weld in plate of same composition 


All-weld-metal 
All-weld-metal 


Weld in round bar of same analysis as rod 
Weld in round bar containing 1.09 C, 0.79 Mn, 


0.09 Si 
All-weld-metal 
Neutral flame 


1 layer on mild steel (0.12 C) rod diameter 


0.20 inch 
3 layers on mild steel 
0.20 inch 


0.12 C) rod diametet 


Flame with excess acetylene 
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1 from nil with 0.05 Mn in the rod, to 0 
the rod rhe recovery varied with manganese 
in the butt welds. The loss was 0.15 Mn at 
the rod and plate, and was 0 Mn with 2 
rod and plate. Silicon had no effect on the loss 


tent 
Mit 


[1 As in the preceding section on bare electrodes, 
was no indication that there was a limiting manga 

ntent below which no loss in manganese is ob 

ed, nor was there any basis for believing that the 
lute loss of Mn was independent of manganese co 
beyond a critical manganese content Portevin 

Leroy particularly emphasized the controlling ef 





























ese cf tent { di ps meited D 
lene torch from three filler rod 
a pail of water, according t 
the re ery matlganest M 
Ol Oxveg' | acetvtk ( b\ 
change in carbe tent a 
mixture ratio wa 0 Dh 
rods 5 and 6 was 0.94 Ch 
tral’ flame depended on th f 
rather than on the ma nest 


Me rciel 


stated tl 


f different periods of time and conditions of fusion _ silicon and 32° of the carb 
recovery of manganese (and carbon and silicon) from taining Mn, 0.4 Si in ox ety] 
ls in oxyacetylene welding Loss of manganese was 
ibuted to oxidation. Coated Electr 

Other investigators, Table 17, agree with Portevin 

| Leroy. The recovery of manganese from austenitic Hodg tated that the 1 
manganese steel rods is the same as from bare ele ssa ered elec u vlc conta 

des, namely 84 to S9Y The recovery of carbon is ‘ A Other determinat 

uch higher and is under the control of the operators Reported reco =e 
\ccording to McCune, the recovery of manganese —- haphazardly irom vl " 

m rods containing 0.9-1.10 C (no details) is 70%, the ectoas had a medium 1 
arbon recovery being 63% lichodee ound that better nan iS expe ted of var 

recovery of Mn in a neutral oxyacetylene flame i from high-manganese electrod 
50! when 0.16-inch rods containing 0.36 t Of carby recoveries al De 
Mn were fused ECCOVe! / Manganese rol 
trodes ma ve explained | ( 
b rpt nal Lest 
Table 18—Effect of Mixture Ratio on Manganese Recovery = ey) ion and thickn 
from Oxyacetylene Welding Rods. Stursberg tora in the re nara ial ‘tina 
trode vet \ the ¢ ept 
r . Mi estigators thot t it 
; positi of thei iti 
- > 4 > - Losana itl 
. 9 0.86 C, O46 Si, 75M 
: 6° Be) and weighed '/. 
{1 4 .¢ wi st t t« 
tests did | ina sup 
weight nposit { 
Table 19—Recovery of Manganese from Coated Electrodes 
la i ‘ ; Carbs o/ Sil f 
Wi I vce Welk lectro¢ \\ 
‘ ate 1 \ 
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~ { - > ts ) 
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eries, therefore, are coarse approximations. As ferro- Within the limits imposed on the computations, jt 
manganese is added to the water glass coating, Table 20, safe to conclude with the authors that 


the absolute amount of manganese recovered increases 1. With constant carbon and silicon contents in { 
at first slowly then rapidly. However, the percentage coated electrode, an increase in manganes 
recovered is low and constant up to 1'/,to4% Mn. The creases the percentage of Mn, Si and C recover 
percentage recovered then increases abruptly to 70% The increase in manganese pick up is obser 
with 5 to 8% Mn in the electrode. The recovery of only when the manganese content of the coat 
carbon was practically complete at relatively low manga is high. 
nese contents, even if allowance is made for the carbon 2. With constant carbon and manganese content 
content of the ferromanganese. the coated electrode, an increase in silicon 
The addition of carbon to the water glass coating, creases the percentage of Mn, Si and C, un! 
Table 21, increased the absolute amount of manganese the Mn and C contents are high. Silicon is o 
recovered at first rapidly, then more slowly. The per- ‘/o9 to '/ as active as manganese in promot 
centage recovered increased steadily as carbon was added recovery of Mn, Si and C. 
to the coating. Even with 4% C in the electrode the 3. With constant silicon and manganese contents | 
recovery of manganese was only 34% in the higher the coated electrode, an increase in carbon d 
manganese electrode. The carbon content of the de- creases the percentage of carbon recovered, a: 
posit increased very slowly as carbon was added to the improves the percentage of manganese and sili 
coating and the percentage recovered decreased. All recovered only if they are present in small amount 
told, Losana’s tests show manganese to be a better Losana’s results were confirmed by Regé*? who, h 
coating constituent than carbon, if the coating consists ever, neglected to state the relative weight of the co 
mainly of water glass. ing, among other things. Ferromanganese (76.0 M: 


Later, Losana and Jarach*! investigated the mutual 6.91 C) was shown to be a reliable means of introduci: 
effects of manganese, silicon and carbon on recovery, up to 9.5% Mn into a deposit (A.C.) made by an ek 
Table 22 (see Table 24 of review of literature on Welding trode 0.16 inch diameter containing 0.10 C, 0.74 M 
Nickel Steels). The method of computing recoveries 0.015 Si. The recovery of silicon from ferrosili 


was the same as that used in the review of literature on (0.32 C, 94 Si) in the coating was slight, but was 
Welding Nickel Steels. Two factors had to be neglected proved a little by manganese. Carbon recovery was low 
in the computation. First, the core rod contained Mn, A determination of the manganese, carbon and ox 


Si and C, which was not considered in the computation. gen contents of metal deposited by commercial coat 
Second, metal from the coating tends to increase the’ electrodes at different currents and voltages has be 
weight of the deposit. Both factors act in opposite made by Okamoto,**® but his paper was not available 1 
directions and are believed to be secondary in view of the reviewers. An increase in current or voltage cd 
the fact that the composition and weight of the slag, and _ creased the recovery of carbon and manganese, 
the weight of the deposit were not recorded. increased the oxygen pick up. 


1] 


Table 20—Recovery of Manganese from Coated Electrodes. Losana!? 


Core Rod Contained 0.08 C, 0.32 Mn, 0.06 Si Core Rod Contained 0.38 C, 0.46 Mn, 0.21 Si 
Mn, Total Recovery Total 
% in Mn in % C in % Mn in of Mn, Mn in % C in &% Mn in Recover 
Coating Electrode, % Weld Weld Y Electrode, % Weld Weld of Mn, ‘ 
0 0.32 0.011 0.021 7 0.46 0.063 0.056 12 
1 0.57 0.046 0.028 5 0.71 0.089 0.070 1! 
9 0.82 0.066 0.0385 4 0.96 0.120 0.089 8) 
2 1.07 0.073 0.072 7 1.21 0.206 0.112 9 
4 1.32 0.074 0.156 12 1.46 0.294 0.146 10 
5 1.57 0.073 0.342 22 1.71 0.360 0.185 1] 
10 2 22 0.076 0.72 26 2 O06 0.368 0.310 11 
15 4.07 0.079 2.03 50 4.21 0.370 0.722 17 
20 5.32 0.081 3.77 71 5.46 0.373 1.93 35 
95 6.57 0.084 3.63 55 6.71 0.376 3.70 55 
30 7.82 0.085 6.02 aa 7.96 0.382 5.93 74 
50 12.82 0.093 8.13 64 12.96 0.395 7.84 61 
Table 21—Effect of Carbon in Coating on Recovery of Manganese from Coated Electrodes. Losana'’ 
Core Rod Contained 0.08 C, 0.32 Mn, Core Rod Contained 0.10 C, 0.89 Mn 
0.06 Si, 0.011, P 0.018 S 0.17 Si, 0.015 P, 0.021 $ 
Carbon Total Total 
Content C in Recovery Recovery C in Recovery Recovery 
of Coat- Electrode, % C in % Mn in 4 oe of Mn, _ Electrode, % C in % Mn in of C, of Mn 
ing, % % Weld Weld o/ % % Weld Weld % J 
0 0.08 0.012 0.021 15 7 0.10 0.054 0.086 54 10 
1 0.33 0.020 0.034 10 11 0.35 0.091 0.102 29 11 
2 0.58 0.038 0.072 12 23 0.60 0.153 0.129 22 15 
3 0.83 0.075 0.105 13 33 0.85 0.196 0.146 17 16 
4 1.08 0.111 0.146 14 46 1.10 0.228 0.168 15 19 
5 33 0.135 0.168 13 53 1.35 0.228 0.184 14 21 
6 1.58 0.150 0.184 12 58 1.60 0.234 0.196 12 22 
R 2 O8 0.18 0.203 10 64 2.10 0.251 0.213 10 24 
2 3.08 0.19 0.221 7 69 3.10 0.278 0.246 8 28 
16 4.08 0.20 0.240 6 75 4.10 0.290 0.302 7 34 
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Table 22—Recovery of Manganese from Coated Mild Steel Electrodes. 


Mn (Mn (Si) (Si) C (C 
1.2 0.28 0.11 2 At (0) OR 
Q2 L.2 2.94 L.2 2.34 ) 93 
2. Ut 1.2 » 13 2.0 2.47 0.98 
>. 10 L.2 9.92 3.9 ya 0.94 
9 O8 1.2 17.02 6.8 2 18 0.87 
6.43 z.¢ 0.48 0.19 2. 30 0.9] 
6.21 2.5 2.88 1.1 2.41 Ot 
. 6.34 2.5 4.97 2.0 2.18 0.87 
} 6.12 2.4 8.96 3.6 3.33 0.92 
6.30 2.5 16.94 6.7 So 90 0.91 
12.76 5.1 0.70 0.28 2.34 0.93 
2 12.12 4.8 2.86 1.1 2.11 0. &F 
} 12.45 5.0 5.37 2.1 2.40 0.95 
+ 12.02 4.8 8.92 3.9 2. 20 (0). 87 
E 12.98 §.2 17.34 6.9 2.19 ). 87 
f 26.45 10.5 1.28 0.51 2.32 0.92 
7 25.86 10.3 2.42 1.1 2. 2 0.90 
s 25.3 10.1 5.12 2.0 2.18 0 &7 
} 2500 49 9 9 14 3.6 2 20 0 837 
20 25.32 10.1 17.02 6.8 2 3 0. a] 
21 ,. 16 1.3 2.78 Rca 1.86 1.9 
22 3.05 1.2 10.46 4.2 4.78 1.9 
2 s.15 1.3 17.62 7.0 $82 1.9 
24 6.34 2.5 2.80 1.1] $. 90 1.9 
25 6.45 2.6 10.12 4.0 1.8 1.9 
2¢ 6.72 2.4 17.26 6.9 +. 7 1.9 
27 12.44 5.0 2. 65 1.1 1 8] 1.9 
28 12.20 4.9 9.98 +. 0 $ 62 1.8 
29 12.36 4.9 17.38 6.9 + $4 1.9 
) 24.10 9.6 2.69 1.1 $+. 76 1.9 
| 23.92 9.5 10.26 4+.) 1.74 1.9 
2 25.76 10.2 17.44 6.9 1 82 1.9 
3 3.12 1.2 2.88 1.1 9. OF +.0 
34 2.96 1.2 10.36 4.1 10.21 ‘3 
5 2.98 1.2 17.86 7.1 10.02 +0 
6 6.41 2.0 2.60 1. 10.34 +. ] 
37 6.48 2.6 11.78 4.7 9.82 3.9 
38 7.00 2.8 18.03 7 os 10.4 $ ] 
oY 12.54 5.0 9 43 () OF Q 87 Q 
10) 12.40 1.9 12.24 1.9 9.84 3.9 
4] 12.26 4.9 17.74 7.0 9.88 5.9 
12 24 OS 4 4 2 68 1.1] LO. OF 1 0) 
13 24.72 9.8 11.82 i.7 9.67 > 8 
$4 24.80 US 17.58 7.0 g 94 Q 
16 5.46 2.2 2.93 1.2 2.42 0). OF 
47 5.18 2.1 2.88 1.1 9 2 ) O4 
18 5.38 2.1 2.81 cea 2.4 95 
44 12.41 1.4 2.86 cia 2 ‘] 
50) 12.10 8 2.99 1.2 2.48 99 
»] 12.64 5.0 3.12 l.2 2.27 0.90 
Brinell hardness was measured on deposits heated 30 min. at 9 
)! percentage of constituent calculated on basis of core rod of 
) = weight % constituent in coating 
= weight % constituent in deposit 
& Si Mn 
Electrode (0.125 inch diameter) 0.11 0.042 0.42 
Ferrosilicon 2.08 55. &F 0.82 
Ferromanganese 1.94 3.56 79.88 
Graphite 96 83 


The recovery of elements from coatings such as those 
used by Losana and Jarach probably is closely dependent 
on three factors: 1, thickness of coating; 2, welding 
conditions; the other constituents in the coating, in- 
cluding the binder. These factors may have a 
trolling influence. 


» 
oO, 


con 


Pick Up 

If low-manganese welding rods are deposited on higher 
manganese steel, the weld-metal may pick up manganese 
by mixing with base metal. Haardt** studied the 
diffusion of manganese from a plate of medium-manga- 
nese steel (6.3 x 4.7 x 0.79 inch, 0.1 C, 0.2 Si, 3.5 Mn) into 
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Using a high speed steel drill 0.02S-0.0 


WELDING MANGANESE STEELS 


diam 


ter, Portevin and Leroy® performed a ‘“‘micro-analy- 
sis’’ on an oxyacetylene butt weld in steel containing 
0.43 C, 0.20 Si, 1.10 Mn. The weld contained 0.76 to 
0.85 Mn. Hall** deposited pads of weld-metal, Table 


23, about '/, inch thick on austenitic steel by means of 


> 


Table 23—Pick Up of Manganese by Bare Electrodes. Hall?” 


Electrode Deposit 


Cc Mn Si Cc Mn Si 
Armco 0.02 0.05 0.02 0.02 0.22 0.04 
High carbon 0.95 0.40 0.11 0.52 0.45 0.09 
Base metal 1-1.35 12-14 0.3-0.8 


bare electrodes. The thickness of the deposits perhaps 
accounts for the small pick up of manganese. 


General Observations 


Suitable oxyacetylene welding rods for welding steels 
containing | to 24%, Mn are Mn-V, Mn-W and Mn-Mo 
(no details), according to Tull.” Schimpke and Horn” 
recommend electrodes containing Mn, or Mo, or Ni-V for 
| to 2% Mn steels. Abrasion-resisting steel containing 
0.35-0.50 C, 1.50—-2.00 Mn, 0.15—0.30 Si with or without 
0.2 Cu min. can be satisfactorily welded, in Wicker- 
sham’s* experience, if high carbon steel rods are used, 
but stress annealing is essential. 

Dobson and Taylor® state that there is slight air 
hardening near the weld in oxyacetylene welding air- 
craft steel containing 0.30 C max., 0.35 Si max., 1.75 Mn 
max., especially if the carbon and manganese are on the 
high side, but there is none with plain carbon steel 
(0.20-0.30 C, 0.60 Mn max.). Manganese in the C-Mn 
steel is said to produce a certain amount of grain re- 
finement in the as-welded state. The peak hardness in 
the C-Mn welds is usually not over 250 Brinell, ac- 
cording to Sutton,” who showed that there was no ne 
cessity for normalizing or annealing the C-Mn steels 
after welding. However, Industry and Welding®! rec- 
ommended that large sections of Man-ten (0.25-0.35 C, 
1'/,-18/, Mn) be preheated to 150-260° C. (300-500° F.). 
The same advice was given by Jennings,* who added that 
preheating prevented the hard fusion zone (no details). 
The sensitivity of aircraft steels (about 0.25 C, up to 
1.5 Mn) to welding cracks was not affected by manga- 
nese content in Miiller’s®* tests. An extensive program 
of research on the welding of C-Mn steels up to 0.45 C, 
1.7 Mn has been announced by Jenks.** 

In addition to having little effect on cracking, manga- 
nese in base metal had a desirable effect in decreasing 
porosity in arc-welded surface beads in Leitner’s®* tests. 
A single bead from a bare electrode (0.16 inch diameter, 
150-170 amp., 17-20 volts, D.C., electrode negative, 
speed = 39.4 ft. per hr., 0.09 C 0.47 Mn, trace Si, 0.009 
P, 0.019 S, 0.027 Oz, 0.006 Ne) on plates 0.39 inch thick 
and & x 12 inches, containing 0.07—-0.12 C, 0.07-0.13 Si, 
0.32-1.73 Mn. Upon being sectioned along the axis, 
the beads showed porosity that decreased as the man- 
ganese content of the plate increased. There was a 
small amount of porosity in the beads on steel con- 
taining 1.02 Mn, but none on steel containing 1.73 Mn. 
Llewellyn® quoted some tests which showed that arc- 
welded deposits on steel containing 0.22—0.27 C, 0.60—0.70 
Mn had a better appearance and less porosity than de- 
posits on steel containing lower manganese (no details). 
On the other hand, Stine® believed that increase in man- 
ganese, although not so dangerous as increase in Si or Al, 
increased the porosity of arc-welded deposits (again no 
experimental details). Stine stated that best arc- 
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welding results (absence of porosity and smooth beads 
were secured with steels containing not over 0.90 Mn at 
0.35 C, not over 0.55 Mn at 0.25 C and not over 0.29 
Mn at 0.10 C. 

Manganese is often recommended as an addition 
welding rods. For example, Raymond describes a rod 
containing 0.17 C, 0.80—-1.15 Mn, 0.4—0.5 Si, which 
adapted to carburizing flux technique. The high carbo; 
‘“flux’’ simply dissolves in base metal; there is no carb 
gradient at the weld. The rod was discussed in the ri 
view of literature on Welding Silicon Steels. According 
to Kinzel,®* the manganese favors the formation of a slag 
of suitable viscosity. In oxy-illuminating gas weldi: 
of mild steel, Lurie® found that quiet fusion and excellent 
slag characterized a rod containing 0.27 C, 0.53 Si, 1.29 
Mn, whereas a rod containing 0.20 C, 0.47 Si, 0.46 M: 
did not give good results. 

Using the rods described in Table 18, Stursberg? ob 
served spatter and boiling of the puddle on plates con 
taining 0.35 C, 0.66 Mn, 0.19 Si, 0.033 P, 0.025 S. 
Table 24. Manganese decreased boiling and spatter at 
all mixture ratios. It was believed that the reaction of 
FeO with hydrogen or CO or iron carbide was responsibk 
for spatter and boiling, and that Mn replaced reactiv: 
FeO by non-reactive MnO. The thickness of the slag 
coating on the deposit increased as the mixture ratio 
increased from 0.8 to 1.6 for rods land6. With rod 5 th 
reverse was true. Stursberg conjectured that MnO 
exerted a bad influence on the slag unless it was present 


as Mn silicate. The slag from rods with low silico: 
and manganese contents was viscous and surrounded 
each globule. As the silicon and manganese contents ar 


increased the slag becomes less viscous and collects i: 
globules, which may leave some of the puddle bare, ii 


Table 24—Spatter and Boiling in Oxyacetylene Welding 


Stursberg’ 
Mixture Mixture Mixture 

Rod Ratio = 0.8 Ratio = 1.0 Ratio = 1.f 
No Boiling Spatter Boiling Spatter Boiling Spatter 
l > + t 1+ l 3+ 

6 2 2 l l 3 2-4 
l scarcely any Mixture ratio is ratio of oxygen to acet) 
2 a little lene by volume. 

3 = moderate 

strong 
5 = very strong 


the silicon and manganese conteits are too high. Cor 

trary to Stursberg, S. W. Miller® found that the additio: 
of 0.6 Mn to a low carbon oxyacetylene welding rod 
produced slag inclusions and laps in the deposit. T! 

slag was difficult to float to the surface. 

Although oxyacetylene welding rods for mild stee! 
should contain 0.4—0.8 Mn, according to Bonsmann and 
Piingel,®' electrodes should contain 0.8 Mn or. mort 
Viall” believed that the ratio of carbon to manganest 
in electrodes should be 1:3. He observed a smalle: 
amount of slag and oxide inclusions (no details) in weld 
made with medium manganese steel electrodes of low 
carbon content than with similar electrodes of hig! 
carbon content. In 1919 Escholz®? recommended 
bare electrode with 0.17 C, 5 Mn, and low content 
impurities for high carbon and alloy steels. In Not 
vest’s** opinion, electrodes should not contain ove! 
0.7 Mn. He stated that overhead welding with light 
coated electrodes is much easier with electrodes co! 
taining 0.04-0.06 C, 0.15 Mn (straight polarity) tha: 
with electrodes containing 0.13-0.18 C, 0.40—-0.60 M: 
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reversed polarity). The higher melting point of the 
rmer electrode (no details) was said to cause quicker 
ng. Furthermore the former electrode was be 
lieved to have lower surface tension which permitted ‘‘the 
rces of cohesion to offset gravitational pull In the 
third place ‘‘the negative arc stream was larger than the 


positive and assisted the transfer of metal MnO in 
the coating forms MnSiQ; so that there is no excess SiO» 
ty permit the reaction: MnS + FeSiO MnsiO; +4 
FeS, according to Notvest. 


\Ithough Paterson®* believed that Mn in excess of 

% in weld-metal produces a badly pitted surface due 
to reactions between slag and metal, Blomberg® stated 
that the addition of 3% Mn to a neutral asbestos coating 
suppresses porosity in weld-metal. In 1922 Diegel® used 
powdered 50% ferromanganese as a flux in oxyacetylene 


welding mild steel, but the MnO particles did not form a 


od flux. Diegel stated that 0.4 Mn in an oxyacetylene 
welding rod was sufficient to combine with sulphur 


Holland™ was in favor of adding manganese to bare elec 

trodes because Mn vapor surrounds the are and prevents 
contamination of weld-metal by air. An Australian 
writer® found that the arc from an electrode containing 

2 Mn, 1 C was saturated; that is, the entire end of the 
electrode contributes to the arc, not simply a single spot 

As the manganese content was increased the 
generated to a greater extent at the negative pol 
ganese was believed to steady the arc because it 
arc of low and uniform resistance 


irc heat was 
Man 
made the 


Forge Welding 


Manganese in steel has not caused forge welders much 
trouble. In fact, for water gas welding steel with 0.30 
C, 0.20 Si, 0.06 P, 0.03 S, Diegel® found that 1% Mn 
had to be added. The MnO formed a fluid silicate with 


the finely dispersed particles of silica. He made three 
series of tests on water gas welding 
Steels with 0.1-0.3 C, 0.3-0.4 Mn, trace Si. Steels 


with over 0.15 C were sensitive to welding 
Steels with 0.1—0.3 C, 0.4—0.7 Mn, trace Si. Thess 
steels welded better than series | 

3. Steels with 0.1—0.15 C, 0.6—-1.0 Mn, 0.15-0.35 Si 
With 0.14 C, 0.14 Si, a manganese content of 
0.58% was insufficient for water gas welding If 
1.0 Mn was present, water gas welding was satis 
factory Weinrich'® stated that boiler steel with 
O0.8-1.0 Mn, 0.25—-0.30 Si was perfectly weldabl 
by the water gas process. 


Forge welding tests were made by Hahn” on steels 

, inch diameter containing 0.1 C, 0.04 P, 0.04 S, trace 
1, 0.15 Cu, with 0.63-3.41 Mn (charge analysis Evert 
with 3.41 Mn the forge weldability was good, although 
the steel picked up 0.34 C from the ferromanganese 
added in the ladle. The higher manganese welds wer 
completely martensitic. In 1870, Mrazek’' found that 
lorge welding is improved by manganese. A steel with 
U.38C, 1.38 Mn waseasytoforgeweld. Roeckner'* stated 
that relatively high manganese content in steel acts very 
well as a reducing agent to supplement the flux. Grim 
shaw’? made a micrographic study of a weld made by 


Table 25—Mechanical Properties of Flash-Welded Rail Steel. 


interposing a layer of electro-deposited i between a 
steel containing 0.98 C, 0.31 Si, 63M d another con 
taining 0.10 C, 0.47 Si, 0.36 Mn, followed by heating to 
790” C. (1450° F The weld was sound, and the iro 
had picked up carbon from the steels 

Schafer’* stated that it is best to have not over 0.5 
Mn in steel for forge welding Che permissible mat 
ganese content decreases as the carbon content decrease 
no details Jiiptner’* also bel it Mr ure 


the lorge welding properti it steel 


Res1 SLIANCE We avn 


Flash welding raises the strength but lowers the duc 
tility of rails containing 0.44-0.46 ( 0 03 Mn, 
0.038—0.054 Si, 0.070-0.076 P, 0.059-0.110 S, according 
to Rietsch and Croskell,’ weighed 
85 Ilb./vd were of the flat bottor bullhead type 
lhe tensile specimens were tested i tensometer and 
were, therefore, about 1 inch lon, inch diameter 
Che Izod fracture showed a coarser grail! 
than in the unaffected rail but the notch im 
was practically the same 
gave the results as unwe 
plate joints ferio! In tup tests with t 
tup, 3 It. span, the 
raised 4 to 6 ft unwelded rail 
without 


lable : l rail 
and l 
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weld 
ilu 
Che welded rails in static bend 
tests Same 
were ll 


welds hr e wil t} tun w 
Wits | t Vii ( > wa 


Iracture 
was 210 Brinell; and weld-metal wa 


Base metal wa Brinel heat 
afiected zone 
to 190 Brinell 
heat-affected zone were | und » ( rest ve] 
Weld-metal had Widmannstatten stru 


Burgess and Aston’ were able to re tance butt weld 


Che average and maximu vidths of the 


Tensile and 
mann” from a plate 0 h 
OO Mn. 0.62 Si. 0.26 Cu. 0.04 N 1 ) (1). 008 


P, 0.0245 The tensile Specimit Vel , Ak, 


tion of rolling, an 
lar to the direction of rollins [hus is, acet 
lene and hydroget 

The detailed 
57.000 Ib. /in _ tensile strengt!] 
or 11 inches), and reduction of ar vere pract 
cally the 
Che width of the 
cuts, had no effect Bet 


wide, 10 


Same tor flame cu 


pecime!l 


nches long 
the direction of rolling bent ISO pract illy all LS¢ 
no details Some 
observed 


cracks ‘ ill ‘ | i) LIT) at VOT¢ 
Che notch impact value of st lard Germat 
round notch specimens with notcl ver side 
in, the cut surface was 6.8 to 7.4n m.* parallel 
direction of rolling, an 
dicular to the direction of rolling Milled and flame 
specimens had practi ally the imme mpa 


d 11.7 to } Inks 1 perpel 


Rietsch and Croskell 


Vield Strength, rensile Strength, Elongation, Red 
Location of Specimen Lb./In.? Lb 
Weld in center of test bar 56,000 98,500 to 104,000 12.5 27.5 to 
Zone of finest structure 51,500 to 67,000 97,500 to 103,000 25 to 27.5 5 
Unaffected rail 51,500 to 60,500 93,000 to 94,000 23 to 27.5 $2 ; 
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The maximum Brinell hardness (2.5 mm. ball, 187.5 kg. 
load) was 202 for acetylene, 219 for hydrogen and illumi- 
nating gas. Base metal was 156 Brinell. The depth 
of the heat-atfected zone was 0.04 inch. 

Manganese is easier to oxyacetylene flame cut than 
iron, according to Wiss.”* The hardness of flame cut 
surfaces of die steel containing 3 Mn, 0.9 C, 1 inch thick 
was: 


Manual cut, acetylene preheating flame = over 600 Brinell, 
Machinecut, acetylene preheating flame = 500-530 Brinell, 
Manual cut, hydrogen preheating flame = 430-460 Brinell, 
Uncut base metal = 230 Brinell. 


Since steel containing 0.25—-0.35 C, 1.25-1.70 Mn is air 
hardening, Jennings’ recommends that special precau- 
tions be taken in flame cutting it to avoid cracks. Pre- 
heating the line of the cut is advisable with heavy sec- 
tions. 


WELDING 14% MANGANESE STEEL 


The welding of 14% Mn steel castings was the major 
topic of the review of literature on Welding Special 
Ferrous Alloy Castings. The present review summarizes 
information not bearing directly on castings. Accord- 
ing to Hall (Metals Handbook, 1936 Edition, 399-404), 
heat treated 14% Mnsteel in the rolled or forged condition 
has the following properties : 


Proportional limit = 40,000 to 60,000 Ib./in.?, 


Tensile strength = 130,000 to 160,000 Ib./in.?, 
Elongation = 60 to 70% in 2 inches, 
Reduction of area = 40 to 60%, 

Brinell hardness = 230. 


The strength, hardness, and ductility are higher for 
forged material than for castings. 


WELDING TECHNIQUE 
Oxyacetylene Welding 


Forged 14% Mn steel is oxyacetylene welded in the 
same way as castings. Less difficulty appears to be met 
with forged than with cast material. According to 
Payne,’ Ni-Mn steel can be both are and oxyacetylene 
welded, whereas plain 149% Mn steel must be are welded. 
Winton* stated that oxyacetylene welding is inappli- 
cable to plain 14% Mn steel because the excessive 
heat creates a brittle zone which fails under impact. 
Meslier® had excellent results with a filler rod of 18-8 
or 25 Ni steel. Another French writer*' preferred a rod 
with 23 Ni, 1.4 Cr or, less suitable, 15 Ni, 9 Cr. Very 
little martensite was present. Deposits of mild steel on 
14° Mn steel were hard (370 Brinell) but the hardness 
was not uniform and the deposit was full of blowholes. 
According to Railway Age,*” oxyacetylene-welded Ni-Mn 
steel frogs (0.6-0.9 C, 0.60—0.85 Si, 2.5-3.5 Ni, 11.0-13.5 
Mn) have been in service two years without cracks. 
The welds were peened hot, and no effort was made to 
“skip about”’ in welding. 

Extensive tests were made by Buchholz** on oxyacety- 
lene welding 14% Mn steel, 0.16 and 0.39 inch thick. 
The filler rod contained 14% Mn. With a neutral flame 
or a flame containing excess oxygen the deposits were 
porous; it was not known whether the gas was evolved 
from solution or simply was emulsified. It was found 
that the blue cone of the flame must be as long as, or 50% 
longer than, the luminous tip, which indicates consider- 
able excess acetylene. From the standpoint of slag in- 
clusions and porosity, right-hand welding was superior to 
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left-hand welding. Good root penetration could bx 
tained only if oxidation of the scarves was prevent 
borax. In making X welds the first layer cracked 
the reverse layer was welded because carbide preci; 
tion occurred in the first layer. Cracks also occurr: 
hot peened welds and during reheating a V weld aft: 
interruption in welding. The cracks were parallel 
and through the middle of, the weld. Cracks occur: 
in general, if the welds were made rapidly and with s: 
torches. Large torches and slow welding prevented | 
cessive absorption of carbon and brittleness. 


Metal Arc Welding 


A thorough discussion of the Ni-Mn electrode has bee: 
given recently by Trissal and Winton.** The electrod 
contains 0.70—1.00 C, 0.50—1.20 Si, 3.-5. Ni, 11-15. M; 
and is used bare with D.C. (reversed polarity) and coated 
with A.C. It will be noted that the carbon rang 
rather high and, indeed, it was stated that if the carbo: 
range is 0.90—-1.15 there will be an increase in hardness 
but the bead may crack during peening, especially ir 
cold weather. However, a commercial electrode for 14°; 
Mn steel contained® 1.3 C, 0.35 Si, 5.0 Ni, 14 Mn. Ac 
cording to R. P. Winton (private communication Jun 
1938), the maximum carbon content recommended 
for Ni-Mn electrodes is 0.90% instead of 1.00°. Ar 
advantage of the Ni-Mn electrode is that it does not stich 
to base metal when the arc is struck. All defects must 
be cut out, yet a cutting torch should not be used unless 
the defective section is unusually large, in which case th 
heat should be restricted as much as possible to prevent 
carbide precipitation. If the welding current is correct 
the slag will be chocolate brown; excessive current r 
sults in a black, blistered slag, no explanation being give: 
although blistered slag may indicate loss of C and M: 
and excessive heat which may cause hair cracks in the b 
when it cools. If the metal drips from the electrod 
drops, the arc is too long. Arc voltage is 30, and the cur 
rentis 75-100 amp. for '/s-inch electrodes, 175-225 amp 
for '/,-inch electrodes, in agreement with other writer 
If porosity is to be avoided, weaving is essential. If the 
crater is struck with the ball peen of a machinist hammet 
immediately after the metal has solidified, crater cracks 
are prevented. Peening is preferable to filling in if it is 
desired to secure a smooth lap in depositing a subsequent 
bead. Peening also hardens the deposit to some extent 
A wandering sequence is best. Davis** emphasizes that 
full generator voltage is essential with Ni-Mn electrodes 

Jennings*® agrees with most writers that the bare Ni 
Mn electrode is easier to deposit than the coated. Th 
coating is added principally for the purpose of stabilizing 
the arc, the voltage of which should be 20 to 25, contrary 
to Trissal and Payne. Winton asserts that it is impos 
sible to maintain the arc voltage below 25-30 without 
extinguishing the arc as a result of the agitation of the 
weld-metal. In other respects Jennings agrees wit! 
Hall* and other authorities. 

An electrode containing nickel, molybdenum a1 
manganese with heavy extruded coating is recommend: 
by E. W. P. Smith.* The covering is designed to d 
crease the surface tension of the puddle. Reversed p 
arity is used and the bead must not be quenched. Th 
deposit is Rockwell C 5 to C 10, which is increased in se1 
vice to C 46 to C 50 by cold work. The procedure 
be used with bare or coated 14% Mn steel electrod: 
without nickel was outlined by Wanamaker,® Pennin; 
ton® and Churchward,” but, with its water quenchi! 
of each bead, is obsolete. Nevertheless, as Brown 
points out, hard-faced 14% Mn steel may be restored t 
its original ductility by being quenched from 1000” ( 
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1e!37 ysed a bare electrode containing 0.75 C, 3.5 
\ 14 Mn for building up 14 Mn steel rails, but an 
le containing 1.0-1.25 C, 14.0-16.0 Mn for the 
¢ surface. If excessive grinding was found to be 
sary to remove spongy metal and cracks, a low- 
, high-nickel electrode was used as a seal to pre 
spread of cracks before the high-manganese elec 

s were used. 
unping arrangements to prevent distortion in build 
ip 14°% Mn steel switch tongues by arc welding arc 
ribed by Doerr.*?. Hoffmann®* found an elongation 
00182 inch per inch during the filling in of the worn 
ve of a street railway rail with 14% Mn steel elec 
les. On cooling there was a permanent contraction 
.00011 inch per inch. Hoffmann advocated step- 

k welding. 

Che surfacing of frogs with 149% Mn and Ni-Mn elec 
trodes was described by a railway periodical.** A rela 
tively inexpensive 5% Ni steel electrode recom 
mended for filling deep holes. Mild steel inserts may 
be used instead. Before any part of the rail head cools 
below a red heat the deposit should be peened with a | 
lb. hammer to reduce the height 25°; If the bead is 
wer 6 inches long cracks may be expected. According 
to Payne,” a length of 9 inches may be deposited in a 
ingle bead without cracking. Winton (private com 
munication, June 1938) condemns the slugging of 14% 
Mn welds with mild steel inserts. He has observed 
several welded 14% Mn frogs whose failure was attrib 
uted to brittleness (6% Mn zone) in the vicinity of the 
inserts. Winton mentions 14% Mn steel frogs that had 
failed in two years due to internal defects and that had 
given four years additional service after being repaired 
with Ni-Mn electrodes. The points of new 14°) Mn steel 
frogs may pound down as much as '/, inch under heavy 
traffic in the first two months. The worn points built up 
with Ni-Mn electrodes did not have more than '/,-inch 
batter after two years. Each layer of weld-metal was 
peened, and trains were allowed to cold work the rough 
deposit before it was finish ground. Payne suggests the 
use of inserts of Ni-Mn steel for surfacing mild steel or 
worn 14% Mn steel. A Ni-Mn electrode is used to weld 
the insertsin place. Tracy” describes the use of these’ ap 
plicator bars”’ in repairing cracked 14°, Mnfrogs. Veeing 
the crack and welding was unsatisfactory. A convenient 
formulation of the rules to be observed in depositing Ni 
Mn electrodes has been prepared by Payne®, who points 
out that slag coated electrodes have the disadvantage of 
driving the heat into the base metal, but that a thin are 
stabilizing coating is essential on A.C. electrodes. Ac 
cording to Tracey and Tilton,® the coated Ni-Mn ele 
trode deposits a broad, shallow bead whereas the bare 
electrode deposit is high and narrow. The coated elec 
trode was preferred to the bare by Hurme” because the 
coated electrode requires less current, which reduces 
the heat effect. The necessity for weaving the Ni-Mn 
electrode is accentuated by the fact that the Ni-Mn weld- 
metal boils to a greater extent than plain manganese 
steel weld-metal. Welding Engineer states that chill 
cast iron can be surfaced successfully with 14°7 Mn steel 
electrodes. The deposit should be peened. 

The 18-S electrode has often been used for 14% Mn 
steel. For switch points Eldridge’! recommends that 
the part to be surfaced be prebent '/s to */,. inch and sur 
taced with a few layers of 18-S electrodes. The deposit 
Straightens the point. Shuler’? recommends the 
procedure and believes that no metal should be depos 
ited on 14% Mn frogs until the brittle, work hardened 
surface has been ground off. Llewellyn'®* 
half-soling of 14% Mn steel dipper teeth with old truck 
prings and 18-8 electrodes. 
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same 
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describes the 


Other Welding Processes 


Good welds in 1] 1%, Mn steel were made by Miintet 
using the Arcogen process (combination are and 
acetylene). In order to forge we ld strips of steel containing 
0.30 C, 12 Mn to plain carbon steel (0.25-0.30 C), Will 
iams‘” heated the Mn steel to a dull red, and the plain 
carbon steel to forge welding temperature Phe 
were then placed together under a steady pre 
which 
weld 


OX 


parts 
Liter 


mplete the 


sure, 
a few light blows were delivered 


Hardne 


Ve hanical Propertve 

[he mechanical properties of welds in rolle ay 
steel made with a coated Ni-Mn electrode, according to 
Quinn,” are: 


rensile strength 105,000 Ib. /i1 
Elongation 30 


l ( 
Cold bend angle VU no detail 


( 


rhe strength and ductility are higher than those reported 
by Hall for welds made with a similar electrode in cast 
14©, Mn steel. Csilléry and Péter” repo 
strengthof 82,500 Ib. /in.*, elongation = 9 

of the weld (no details reduction of area H.0' 
notch impact value 1 
with 


3 mkg./en fora weld made 
a bare electrode (see Table in a rolled rail con 
taining 1.00 C, 0.40 Si, 12 to 13 Mn (tensile strength 
9? OOO Ib. /in elongation 
duction of area 23°), notch impact valu 
em.* The notch impact specimen \ 
mensions (0.55 x 0.S3 inch 
[he hardness of the deposits 
Tables 10, 17 
lable 26 


diameters, re 
».U mkg 


with a mil 
T¢ ted bv ZeVe! ¢ 
and 19 for comppsitior is show! 


i 
Che welds lightly round betor tl 


were 


Table 26—Brinell Hardness of 14° 


Zeyen”* 


Mn Steel Deposits 


Welding Proce ucetylene DD. 1) \ < 


} } 


Single bead 


Three superposed bead 
deposited in rapid suc 
ssion without cooling 
uperposed bead 
each bead 


ool thoroughly Q7 g g 


rhree 


allowed 


hardness test was made Since the hardne f the weld 
metal as deposited is not the important factor 1 

Mn steel, it is unfortunate 
his deposits betore test 

The hardness of the cold worked deposit was deter 
mined by Hall’ and Rehfuss ee Tables 9 and 10 for 
compositions), who dropped a 50 pound tup from a 
height of 5 feet on 
Irom weld deposits on heat treated ist ' \in steel 
inch thick In some tests the cones were machined from 
unwelded base metal, battered to */. inch high and welded 
to form a truncated cone 1 inch hig! nch top 
inch bas« 

The severely work hardened cone Table 27 were 43( 
to 600 Brinell, the 14% Mn deposits being slightly harder 
than the Ni-Mn deposits Che cones did 1 fail in the 
brittle heat-affected zone In the major tf tests the 
weld deposits had fine cracks after test Phe i M 
deposit tested by Hall showed crac} radiat ¢ from the 


cones 1 inch high h base machined 


Table 27—Brinell Hardness of Work Hardened 14% Mn Steel Deposits 


Composition Brinell 
ot Cor i 
p Specin ( M N Deposited 
nwelded base metal 14 200 
Coated 14 Mn electrod to ) 240 
Bare 14 Mn electrode 179 a 20 
$ Ni-Mn electrode 0.4] 10.4 149 to 15t 
» 14 Mn electrode ). 7 1] 170 to 179 
f Ni-Mn electrode ). 53” 12.4 1 241 
l4 Mn electrod 0.76" 11.4 220) 
S Ni-Mn electrode 62* 2. » lf 


Truncated cones 


center like spokes in a wheel; the Ni-Mn deposit had 
no cracks after test These results offer little support to 
Horn and ” statement that deposits from 14 Mn 
electrodes are unsuitable for filling the worn grooves of 
trolley rails for the reason that the deposits deform too 
much in the early stages 

Other measurements of the hardness of as-welded de 
posits have been made by Portevin and Séférian*®’ and 
Buchholz.** V butt oxyacetylene welds in 14 Mn steel 
made with a 14 Mn rod were 260 Brinell in the lower 
part of the weld, 220 in the middle. Oxyacetylene welds 
made with 1S-S rod (0.12 C, 0.63 Mn, 0.66 Si, 17 Cr, 
9.25 Ni) were 265 max. in the lower part, 250 in the 
middle (4.400, Mn). Are welds made with a bare elec 
trode were softer: 200 Brinell, lower part (4°, Mn); 
the upper part (2%, Mn). Oxyacetylene welds 
made with a rod containing 0.60 C, 22.90 Ni, 1.08 Mn, 
1.40 Cr were 175 Brinell max. (5%, Mn) at the junction 
of weld with base metal. Similar welds with a rod con 
taining 0.26 C, 0.28 Mn, 14.50 Ni, 0.10 Cr were 215 
Brinell in the upper part (6% Mn), 185 in the middle and 
175 in the upper part. In all specimens the maximum 
hardness occurred in the weld-metal. The hardness of 
base metal (165 Brinell, 0.39 inch thick) was uniform to 
the edge of the weld. In Buchholz’s® oxyacety 
lene welds in 14 Mn steel 


| ewes’ 


lvo mn 


tests, ’ 
195 to 231 Brinell) made with 
a reducing flame and 14 Mn rod had a Brinell hardness of 
IS4 to 190, exactly opposite to the results of Portevin 
and Séférian 

The hardness of an oxyacetylene butt weld in 14 Mn 
steel, 0.16 inch thick made by Portevin and Séférian™ 
with a mild steel rod (0.05 C, 0.31 Mn, trace Si) was 400 
420 Brinell, the weld-metal containing 7°; Mn. The 
weld-metal had a martensitic structure, and islands of 
mild steel were found that had solidified before absorbing 
manganese and, consequently, retained an overheated, 
pearlitic structure. 


Microstructure 


The microstructural peculiarities of welds in cast 14% 
Mn steel were discussed in the review of literature on 
Welding Special Ferrous Alloy Castings. Welds in heat 
treated wrought 14%, Mn steel are subject to the same 
microstructural changes as in the cast steel. The de 
posits examined by Rehfuss'” and Zeyen* consisted 
of coarse columnar grains with dendritic markings and a 
small amount of free carbide. The lower layers of 14% 
Mn weld-metal in Csilléry and Péter’s*® deposits were 
coarser grained than the upper. Fine, intercrystalline 
cracks were observed in the heat-affected zone, which 
were said to be caused by the high thermal gradient in 
the weld, which, in turn, was related to the low thermal 
conductivity of 14% Mn steel. A hot-peened weld con- 
tained slip bands in the lower layers. 
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In their study of butt welds in 14 Mn steel 0.39 nart f. 
thick, Portevin and Séférian® found that the gt lepos! 
size of the heat-affected zone of oxyacetylene welds mild s 
creased to S/S 9 (S average plane area of « Brinel 
grain at the section considered: S average plane a1 tors h 


of each grain of unaffected base metal) at the fusio1 


to S/S 14 at a distance of !/» inch from the fusion | seri 
Che limit of the zone of coarsened grains was steel i 
from the fusion line. In are welds, presumably mult veld-t 
layer, the grain size commenced to increase !/, inch f1 
the fusion line, increased to S/S 13 at a distances steel 
s inch from the fusion line, and decreased to S/S mict 
at the fusion line. The fine grained area at the fus tweel 
line was not explained. The welds were made wit] Intere 
LS—S rod. teel 
No carbides were detected (alkaline K MnO, etch tl a 
Portevin and Séférian™ in oxyacetylene welds in 14 M the se 
steel, 0.16 inch thick, made with a 14 Mn rod | nd 7 
dendritic appearance of the weld was created by mai t 1 
tensitic areas, probably representing segregation S ss 
the coefficient of expansion (0-300° C.) of the rod y nsit 
21.50 x 10~* and that of the weld-metal was 18.41 x 1 expal 
it was deduced that 25°, of the weld-metal was mart have 
site, the remainder austenite posit 
According to Jennings,* the presence of nickel in t Ni we 
Ni-Mn electrode results in a transition zone betwee! 
posit and base metal (no details If the carbon 


tent of the electrode is held as low as possible , the carl 
content of the transition zone is diluted, so that carb Ch 
precipitation is reduced to a minimum (no details) 
[he microstructure of welds between 14°, Mn ste faces 
and other steels may involve transition zones in whicl ritt 
change of phase occurs as well as a change in concent! No le 
tion. Rapatz and Hummitzsch found that the maz hard 
tensitic transition zone between mild steel and 14 M Brin 
weld-metal is wide and brittle [here was a sharp lit 1S ; 
of demarcation between the martensite and the ferrit: Bev 
mild steel in the etched section, but the martensit 


merged gradually into the austenite of the 14 Mn deposit 

Water quenched from 1000” C. the martensitic structut 

of the mild steel merged gradually into the martensit 

transition zone of weld-metal; there was a jagged lin 

demarcation between the austenitic structure of the weld 

metal and the martensitic transition zone. The shary ny 
line of demarcation between mild steel and weld-metal i 
the as-welded state, therefore, is not an indication of la 
of junction but rather is an etching effect. The wider 
transition zone with manganese austenite (12-14 M 
1.2 C, or 0.16 C, 17.7 Mn, 5.4 Ni) than with nickel aus 
tenite (0.12 C, 28 Ni, 3 Cr) was said to be due to the re 
more rapid diffusion of manganese in mild steel. Mar wis 
ganese-nickel austenite did not penetrate along th _to 
grain boundaries of plain carbon steel (0.50 C) as much 
as nickel austenite. There was no penetration of 
Mn manganese steel along the grain boundaries of low 
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steel containing 0.12 C. On the other hand, weld 
containing 0.12 C, 28 Ni, 3 Cr penetrated deeply 
the grain boundaries of 14°, Mn steel (1.2 C, 12 
Manganese austenite has a higher coefficient of 
11 expansion than nickel austenite. Consequently, 
Mn or Ni-Mn weld-metal usually has shrinkage 
in welds with higher carbon steels Manganest 
ite was believed to be more sensitive to overheat 
details) than nickel austenite. 
ym the standpoint of microstructure, Portevin and 
rian” found that the pick up of manganese by the 
i-metal is the determining factor in dé 
14 Mn steel or 14 Mn steel on mild steel In the 
mer instance the weld-metal was martensitic (number 
lavers and type of welding not stated) and attained 
Brinell in the lower part, 350 Brinell in the upper 
rt farthest from the base metal. Unfortunately, the 
leposit was porous If 14 Mn steel was deposited on 
ld steel (110 Brinell) a thin layer of martensite (400 
Brinell) was formed at the fusion lines, as other investiga 
have observed 
In contrast with Rapatz and Hummitzsch, Hurm« 
erved a band of martensite in the zone of low-carbon 
el into which carbon had diffused from 14°; Mn steel 
veld-metal Chere was no troostite or sorbite Hoff 
micrograph showed complete junction of 14 M1 
weld-metal with mild steel, and Czako'!' showed a 
rographically perfect junction in a pressure weld be- 
een high speed steel and a steel containi 7 Mi 
resting micrographs of oxyacetylene we 
0.16 inch thick, are to be found in a paper by Porte 


} } ] 


uid Séférian™”, who employed the rods described 


positing mild 


ection of Hardness All the welds were dendritic, 


junction was perfect Martensite wassaid to be pre 
t to the extent of 15 to 20% in the fusion e of tl 
8 and 15 Ni () Cr welds The evidence for mat 

te was based on determination of the coefficient 
allSl ft weld metal, but no allowance seems t 


e been made for the pick up of manganese by the d 


ited metal No martensite was found 


Chere is no difficulty in oxyacetylene flame cutting 
Mn steel, according to Wiss.” Manual cut sur 
ices, however, are coated with ledeburite (high carbs 


tle eutectic), which sensitizes the surface to cracks 


ledeburite was observed on machine cut surfact the 
irdness of which was 320 Brinell (base metal 
Brinell he increase in hardness in the machine cut 


is ascribed to a thin laver of martensite on the surface 
Beyond the martensitic zone was a zone in which carbid 


Table 28—Pulsating Tension Fatigue Strength 


wit d d 
St C In Si ] 5 ( 
| } 2 0.32 
Hi 20) 0.43 49 } 
P f Bi () 5 
2 Cr 
Veld Pulsating Tension Fatigue I ] I 
» | 38,4 nM) 
I »H 32,700 





precipitati id 
iffected zone lame 
in mild steel bi e t 
Mi teel 1 ] It 1 
stream i water, t ‘ 
thel carbid precip! 
aries lheretore, W 
steel should be heat tr 
lrissal** stated that 
burn (no sparklir lur 
that the flame cut surf 
move oxidized metal 


possible should be used 


than u 
lI all ¢ 
the sl: 
Wint 
D he 
m 


According t 


WELDING NICKEL-MANGANESE 


sual is nec 

Kcessive an 

i ITCe Ze i 
pri ite ce 

re eT 

ld steel el 


, el Steel \ 1} 
he) | ppl r \1 
wa \ Porte 
velding rod t 
i ul ed t it 
| ( ' 
s 
‘ 
} YT? ] ‘ 
( irr He 
‘ ( 
{ ) i¢ 
| 
( | ( 
WELDING 
( \( BI 
ry { 
molyb 
ell : 
' 
‘ | »¢ | \ 
' \ ] 
( ré 


WELDING MANGANESE STEELS 


COPPER-MANGANESE 


‘ 
} 


of Welded Mn-Cu Steel 


Weiss 


STEELS 


STEELS 








Table 29—Oxyacetylene Welds with a Cu-Mn-Ni Rod, Czternasty' 


Notch 
Yield lensile Cold Bend Test* Quench Bend Test* Impact Vield Strength,Lb./T; 
Strength, Strength, Angle, Elonga Angle, Elonga- Value, Elevated Tempera 
Specimen Lb./In.? Lb./In Degrees tion, % Degrees tion, % Mkg./Cm.? 300° C 100 
Unwelded base metal 39,200 63,500 LSO . 19.4 27,000 
As welded £150 69,000 180 34 180 33 6.7 39 700 24. 
Normalized” 10,800 65,000 180 30 180 38 10.7 21 300 99 '& 
Hot forged’ 39,400 63,500 LSO 30 ISO) 35 10.4 28, 500) 99 
* No detail 
Composition of Plate, Rod and Weld 
C Mn Si Ni Cr Cu P 5 
Plate 0.12 0.80 0.24 = ss 0.029 0.026 
Rod (1). 14 1.00 0.40 0.80 0.10 0.40 0.011 0.006 
Weld 0.11 0.74 0.25 0.73 0.10 0.38 0.020 0.009 


Che pulsating tension fatigue strength of X welds made 
by the same welder with the same electrode (no details) 
in three steels 0.47 inch thick, Table 28, was determined 
by Weiss and Hoével.'”’ The base metals had a pro 
nounced banded structure, especially steel P. The speci 
mens were 1.58 to 1.97 inches wide and were machined 
on all sides. The coarse grain structure created by the 
last layer was not completely removed. Specimens 
without X-ray defects were used. The lower tensile 
load was 1400 Ib./in.? in all tests, which were at 11 cycles 
sec. and based on a criterion of 2 million cycles. 

The fatigue strengths vary slightly in accordance with 
the tensile strengths. About half of the fatigue failures 
occurred in the weld. An unmachined weld in U steel 
had a fatigue strength of 14,200 to 20,000 Ib./in.’, frac 
ture occurring at the junction of weld with plate. Poor 
root penetration not revealed by X-ray but shown in 
microsections caused a machined weld in P steel to fail 
after only 32,000 cycles at an upper tensile stress of 54, 100 
Ib. /in.* 

Static tension tests of arc-welded oil well casing (7 
inches o.d., 0.34-inch wall, 0.23-0.24 C, 1.31-1.35 Mn, 
1.14-1.15 Cu, 0.01 Si, 0.034 S, 0.025 P, yield strength 
81,400 Ib. /in.*, tensile strength = 109,000 Ib./in.*, elonga 
tion = 27% in 2 inches) by Hodell’ showed that the 
joint efficiency based on the tensile strength of the heat 
treated casing steel was 76 to 84%. The joints were butt 
welded with three beads of covered electrode (*°/i¢ inch 
diameter), the weld-metal of which had a tensile strength 
of 100,000 Ib./in.*? Fracture occurred through weld and 
pipe. The heat of welding reduced the strength of the 
casing but not to the extent indicated by tests in which 
samples of the casing were heated 15 min. at 650° C. and 
cooled in air. These tests revealed that the strength was 
reduced to 80% of heat-treated value, yet the welded 
casings had efficiencies up to 54%. Since the heat-af 
fected zone during welding does not remain at 650° C. 
as long as 15 minutes, the time of heating affects the loss 
in strength. The static tensile strength of a butt-welded 
joint similar to the above in casing containing 0.20 C, 
1.20 Mn, 0.48 Cu, 0.02 Si (80,000 Ib./in.*, tensile strength 
unwelded) was 77,000 Ib. /in.*, fracture occurring through 
the weld. 


WELDING CU-MN-NI STEELS 


Oxyacetylene double V butt welds were made by 
Czternasty' in a steel 0.59 inch thick, Table 29, using a 
Cu-Mn-Ni steel rod. The recovery of Cu and Ni was 
nearly complete, and the recovery of Mn was rather high. 
The weld had higher strength than base metal, but the 
notch impact value was low. Normalizing raised the 
notch impact value and, to a large extent removed the 
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Widmannstatten structure in the weld. Hammer 
at a red heat improved the grain size and pearlite d 
tribution, but did not improve the mechanical properti 
because the low-alloy manganese steels are said to bi 
ficult to forge and tend to crack 


WELDING CU-MN-CR STEELS 


Some results summarized in the section on Weldi: 
Chromium-Copper Steels in the review of literatur: 
Welding Chromium Steels showed that low-alloy steel 
containing Cu, Mn and Cr have good welding properti 
Meunier and Rosenthal''* deposited 1 or 4 beads of 
plain carbon electrode, 180 amp. at a speed of 7.1 inch: 
per minute on the surface of a steel 0.39 inch thick co1 
taining 0.22 C, 1.03 Mn, 0.34 Si, 0.27 Cr, 0.55 Cu, Tabk 
30. The bead on the bend specimen was machin 


Table 30—Mechanical Properties of Surface Welded Cu-Mn 


Cr Steel. Meunier and Rosenthal''® 
Bend Bend Notch Impact Maxin 
Angle, Elongation, Value, Brinell 
Specimen Degrees w//; Mkg./Cm.? Hardn 
Unwelded 180 15 10 180 
l layer OD) 19 Q 7 260 
+ superposed 
layers 180 33 10.5 195 


flush. The notch impact specimen was of Mesnaget 
type with the notch through the bead into the heat-ai 
fected zone. The results indicated that the Cu-Mn-Cr 
steel had less ductility and notch toughness in the welded 
condition than welded Cu-Cr-Mo steels of the same cat 
bon content. 

Face bend and impact tests were made by Sikkema 
on V butt welds made with a shielded are eiectrode 1 
low alloy steel 0.39 inch thick containing 0.18 C, 0.5; 
Si, 1.08 Mn, 0.43 Cr, 0.57 Cu. The bend specimens wer: 
machined to 2.4 inches wide, 0.26 inch thick, the plunge: 
was 1.0 inch diameter, the rollers were 2*/, inches di 
ameter, and their centers were 5'/2 inches apart. N: 
cracks appeared in specimens bent 180° (not flat). Th: 
notch impact value (Mesnager specimen) was 13.2 mkg 
cm.” unwelded, and 7.1 to 11.8 welded. Unmachined 
unnotched impact specimens were gripped at the jun 
tion of weld and base metal. The impact value was 7 
to 7.6 mkg./cm.’, but most of the unnotched specimens 
failed to break. A maximum hardness of 86 B Rockwell 
was observed in the heat-affected zone of butt and fillet 
welds in plate 0.39 inch thick. 

Comparing a number of steels containing about 0.20 
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Table 31—Composition and Hardness of Plates and Weld Metals Used by Quadflieg 

















i RR 
Yield Pensil ) tio1 
Composition of Plate or Weld-Metal Strength, Strength, in of 
Cc Mn Si Pp S Cu Cr Lb./In.? Lb./In » Dia Area, Y 
Alloy Steel A 0.18 1.01 0.40 0.05 0.02 0.58 0.42 51,500 83 500 oR 0 9 
Alloy Steel B 0.15 1.04 0.56 0.04 0.02 0.41 0.15 54,500 84,004 2s 
N» O, 
rode 4 for Steel B 0.09 0.48 0.18 0.048 0.05 0.032 0.109 
; rode 5 for Steel B 0.15 0.79 0.09 0.06 0.034 0.017 0.094 
mde 6 for Steel A 0.11 0.85 0.05 0.046 0.0438 0.024 n.d 
Brinell Hardness* of Welds ' 
Wate Quench 
S imen Heated to 850° C Heated to 850° ¢ from O60° ¢ 
Welded As-Welded Slowly Cooled Rapidly Cooled rawn at 600° ¢ 
With l 2 3 4 ] Zz  ) t ] Zz o 4 2 : j 
trode 4 150 180 170 150 130 120 115 110 130 20 115 l j ( 
Ele trode 5 160 180 180 160 150 150 140 140 150 50 145 ? 
Electrode 6 160 200 190 165 140 140 135 130 
* Converted from Rockwell B 
base metal; plate A was 0.41 inch thick; plate B was 0.47 inch thick 
heat-affected zone 
junction of weld and base metal 
j weld-metal 
home? 16 sion, the steel containing chromium failed at 5° (2 inches 
: thick, 5% elongation in 0.39 inch Che steels without 
Ww chromium failed at 20° bend angle (10 to 20% elonga 
=i 1 in 0.39 incl 
2 tion in 0.39 inch). 
we Notch impact tests (16 ft./sec.) were made by Quad 
re flieg'*? on standard German round notch specimens ma 
K¢ chined from V butt welds, Table 3] The notch was in 
> the root of the weld The results, Fig to 4, show that 
= the base metal has higher notcly impact value than the 
=" welds, especially above 20° C 
pow With electrode 4 on plate B, Fig. 1, normalizing im 
proved the impact value. A slag inclusion in the middk 





of the fractured section generally raised the Impact valuc 


Fig. l—Notch Impact Value (Mesnager, kgm. cm.*) as a Function of 0.5 to 1.0 mkg./cm.* at all t mperature, but if the 
Temperature of Test for Plate B Welded with Electrode 4 in Table 29 


Sich} 


inclusion was at the base of the notch the impact value, 
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hgin/cm? 6 eT 


a one ( alized or ‘Ided, w: luced nucl nko 
urve 6—es-welded normalized or as-weided, was reduced aS much aS 56 MkKg 
rte toro panes 0 , See and : cm.* Quadflieg was unable to offer a sound « xplanation 
ve e'c 7 e < be) rapidly cooled a al : 
srve_9-—weld quenched in water from 850° C., drawn at ¢ Water quenching followed, by drawing, lowered the tem 
Quedilieg'*” : : | 
: perature of the transition zone by 30° ( 
With electrode 5 on plate B, Fig. 2, normalizing raised 
ho conf ——o — . a a . - —— . - - ‘ ‘ 

a nail st ] = = io | ] the impact value at +50 to +500° C. but lowered the im 
ws *f- onieaal | | pact value at LOO to +25” ¢ Annealing above Ac 
3. } lowered the impact value of welds with electrode 6 in 
Fi plate A, Fig. 3, to zero below 0” ¢ Che as-welded 
a specimens had higher notch impact value than unwelded 

fp- i 

¥ base metal at low temperatures 
Ose 
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cx 
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* | 4 I : = ] 
200 = -#00|-$0 |:0 | +50 100 #200 #300 #400 = + $00 = + 600 we ne | 
75 -20 +20 = J gh}—i__i} 
eR T C x 
0h + + 
Fig. 2—Notch Impact Value (Mesnager, kgm./cm.’) as a Function of - 
Temperature of Test for Plate B Welded with Electrode 5 in Table 29 Os ee eel 
Curve 5—unwelded base metal = 
Curve 10—as-welded i ‘Tr T T 
Curve 11—weld heated to 850° C., slowly cooled ps 
Curve 12—welded heated to 850° C., rapidly cooled a | “a” 
Quedflieg'*® = “4 
? _—" 
3 at 
0 1 ca a 
‘ - a: ‘ 0: . : WH, -50 \20 |+S0 +100 +200 +300 + 400 $00 * 600 
C, 0.5 Si, 1.1 Mn, 0.4 Cu, 1.18 and 2 inches thick, upon 0 00-20 +20 
which a bead from a covered electrode 0.20 inch diameter -_——_—-—_- T “y 
had been deposited, Bierett'® found that steels without 
| ” ro 4 i , 5 or Fig. 3—Notch Impact Value (Mesnager, kgr m.") as a Function of 
chromium had maximum Vickers hardness of 260 Temperature of Test for Plate A Welded with Electrode 6 in Table 29 
290 in the heat-affected zone, whereas a steel with 0.4 RM ae er 
Cr (0.20 C, 0.38 Si, 1.04 Mn, 0.41 Cu, 0.38 Cr) had 430 urve 14—as-welded 
Vickers Hardness. In a bend test with the bead in ten- ae 
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Small welds deposited at low currents were found by 
R. Smallman-Tew, (private communication, June 1938) 
to be the cause of excessive hardness in the heat-affected 
zone and cracking in steel containing 0.26 C, 0.70 Mn, 
0.11 Si, 0.9 Cr, 0.3 Cu. Conditions are given in Table 32 


for depositing */,»-inch fillet welds so that the maximum 
hardness in the heat-affected zone is not over 300 Brinell 
and the structure is satisfactory (sorbitic). 


Table 32—Conditions for Arc Welding Cr-Cu-Mn Steel 
Without Cracks. R.Smallman-Tew 


Thickness 
of Plate, Diameter of Covered Blectrode, Inch 


Inch 0.128 0. 160 0.192 

, 90 to 100 amp 12 135 amp 

110 to 120 amp 115 to 130 amp 130 to 150 amp 
not recommended 1 15 


50 amp 150 to 175 amp 


Hardness and Structure of Heat-Affected Zone of Cr-Cu-Mn Steel 
After Welding with Covered Electrode, 0.160 Inch Diameter 


Plate 
Thickness, Current, Brinell 
Inch Amp Hardness Structure 
i 110 100 Martensiti 
I/s 135 250 Sorbiti 
l 135 $90) Martensitic, cracked 


The shrinkage stresses in patches welded into 7/s-inch 
plates containing 0.15 C, 0.50 Si, 1.05 Mn, 0.34 Cr, 0.60 
Cu with covered electrodes have been measured by 
Gerold and Miiller-Stock. ' 


WELDING CU-SI-MN STEELS 


Oxyacetylene butt welds were made by Holler and 
Frankenbusch!”? in a steel 0.39 inch thick containing 0.18 
C, 0.60 Si, 0.40 Cu, 1.8 Mn. The welds were equal in 
strength to base metal, Table 33, regardless of heat treat 
ment. The rod contained very little carbon but had 
some Ni, Mn and Cu (no details). The tensile speci 


Table 33—Oxyacetylene Butt Welds in Cu-Si-Mn Steel. 
Holler and Frankenbusch!”: 


DVMR 
Notch 
rensile Impact 
Strength, Value Bend Angle, 
Specimen Lb./In.? Mkg./Cm.? Degrees 


77,000 to 78,000 6.9 to 7.6 
82,500 to 89,500 7.4 to 8.3 80 to 90 


Unwelded base metal 

As-welded 

Welded and annealed 
at 900° C 

Welded and reverse 
welded 81,000 to 81,500 8.7 to 9.6 180 

Welded and peened 82,000 to 83,000 8.2 to 9.3 180 


81,000 to 82,500 


mens were | inch parallel section, 0.79 inch wide, | 
radius 0.59 inch; fractures occurred outside the w: 
Standard German plunger bend specimens were u 
The notch in the DVMR impact specimen was it 
root of the weld. The notch impact values were ent 
satisfactory. The coarse grain structure of the as-wi 
specimens was refined by the reverse weld and pee: 
Unmachined, multi-layer butt welds made yw 
covered electrodes and backing strip in cross-shaped r 
forcing bars (cross-sectional area 2.7 sq. in., 0.2: 
0.9 Si, 0.5 Mn, 0.5 Cu), according to Brebera,'** Tabk 


Table 34—Tensile and Bend Properties of Cu-Si-Mn Rein. 


forcing Bars. Brebera’ 


Bend Test 
Elonga- Reduc Diameter 
Elastic Tensile tion,* % tion of 
Limit Strength in 10 Area Angle I 
Specimen Lb. In Lb./In Diam % Degree 
Unwelded 59,500 83,500 22.6 3.7 
Welded 57,000 81.500 26.1 17.9 180 
* Diameter of circle circumscribed about section 2*/s inche 


had about the same properties as unwelded bars 
microstructure was fine grained. 

Thousands of arc-welded tension, bend and notch 
pact specimens were tested by Stieler'** in a low-al 
steel containing 0.15 C, 0.70 Si, 0.90 Mn, 0.35 Cu. | 
the complete absence of welding details the results 
not be interpreted. Stieler did not favor the additio: 
silicon to low-alloy structural steels (minimum tens 
strength = 74,000 Ib./in.*) because silicon favors cra 
in fillet welds. 


WELDING CU-SI-MN-MO STEELS 


Tests were made by Ditmpelmann'” on flame 
steel 0.39 inch thick containing 0.13 C, 1.00 Mn, ( 
Si, 0.42 Cu, 0.1 Mo. The tests and test results wet 
practically identical with those obtained on flame 
steel containing 0.12 C, 1.00 Mn, 0.62 Si, 0.26 Cu, 
scribed in the section on Flame Cutting Pearlitic Manga 
nese Steels. The distance between cut surfaces (0.3' 
1.6 inches) had no effect on tensile strength, elongati 
or reduction of area. Unaffected base metal was |s 
to 1S7 Brinell. The maximum Brinell hardness (2.5 mm 
ball, 187.5 kg. load) of the cut surface was 211 for oy 
acetylene cuts, 219 for oxyhydrogen cuts and 202 
oxy-illuminating gas cuts. 


WELDING CR-MN-SI STEELS 


As with most low-alloy structural steels, the mecha 
cal and welding properties of Cr-Mn-Si Steel depends 


Table 35—Mechanical Properties of Welded Cromansil Steels‘ 


Re Charpy 


Yield Tensile Elonga duc Impa 
Strength, Strength, tion, % tion of Value, 
Steel Process Cc Mn Si Cr Lb./In.? Lb./In.? in 2 In. Area, % Ft./Lb 
Low carbon, unwelded 0.13 1.32 0.78 0.43 60,000 = 82,000 43 28 
Low carbon, welded Oxyacetylene 0.13 1.32 0.78 0.43 59,000 = 86,000 17 31 
Higher carbon, unwelded 0.18to 1.10to 0.65to 0.40 to 55,000 88,000 15* 
0.2: 1.40 0.85 0.60 
Higher carbon, welded Covered elec- 0.18 to 1.10 to 0.65 to 0.40 to ; 8 to 3l 16 to 27 
trodes ** 0.23 1.40 0.85 0.60 44 ; 
*In & inches 
** Various brands. 
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(The Steel Contained 
Electrode Heat Treatment 
As-rolled 
W Plain low carbon Non 
i Plain low carbon Annealed 650 
Wi Molybdenum alloy None 
Molybdenum alloy Annealed 650 


e carbon content. For example, the Committee on 
w Alloy Steels,* Table 35, lists the low-carbon steel as 
olproof’ and the higher carbon steel as moderately 
air hardening under average welding conditions. Un 
tunately, the thickness of the plate and details of weld 
ing are not given. The maximum local hardness of the 
low-carbon joint was not over 96B Rockwell; the hardness 
f the higher carbon joint was not stated Che lower 
carbon joint fractured in base metal; the location of 
fracture in the higher carbon specimens was not reported 
fhe Committee did not intend to imply that only oxy 
wcetylene welds were foolproof in the lower carbon steel, 
or that only are welds led to air hardening in the higher 
There was only a limited number of test 
results available. 

If an unalloyed low-carbon electrode is used to weld 
Cr-Mn-Si steel, according to Jennings,’ Table 56, the 
welds are not so strong as base metal. It is surprising 
that the lowest ductility in the welds listed in Table 29 
was obtained with a molybdenum alloy electrode. Yet 
Jennings obtained high ductility with these electrodes 
and, in fact, recommends them. 

Pheisinger'*’ used the technique described in the re 
view of literature on Welding Chromium Steels 
on Cr-Mo Steels) to determine the effect of speed on the 
hardness of the heat-affected zone in steel containing 0.13 
C, 0.42 Cr, 1.20 Mn, 0.72 51. Upon automatically de 
positing a single bead of bare electrode weld-metal (37 
amp.). At 12 inches per minute and slower the maximum 
nerease in hardness of the heat-affected zone compared 
with unaffected base metal was less than 100 Brinell 
units. At 18 inches per minute the maximum hardness 
in the heat-affected zone was 293 Vickers hardness, the 
unaffected steel being 1SO Vickers hardness. 


carbon steel. 


section 


Even at IS 
inches per minute the heat-affected zone was said to con 
sist of fine grained sorbite. It was said that a little pre 
heating reduced the maximum increase below 100 Brinell 
at |S inches per minute. 

The welding characteristics of Cr-Mn-Si structural 
steels are similar to Cr-Cu steels, according to Kinzel 
and Crafts!’ (see review of literature on Welding Chro 
mium Steels; section on Cr-Cu Steels). Up to 0.15 C, 
Harris'* stated, the Cromansil steels have no air hard 
ening tendencies. Butt welds in lower carbon Croman 
sil had a yield strength = 63,000 Ib. /in.*, tensile strength 

86,000 to 98,000 Ib./in.*, bend elongation 20 to 
397%. Effective coatings to preserve the alloying ele 
ments in Cromansil electrodes consist of a purely mineral 
slag; calcium iron silicate, which has a low melting 
point. 

Steel’? described arc-welded subway car truck frames 
of Cromansil. The carbon content was not over 0.17% 
and the frames were heat treated after welding to avoid 
trouble in service repairs. Schimpke and Horn be 
lieved that Si-Mn-Cr boiler steel must be normalized at 
SiO" C. immediately after welding. Arc welded drag 
line buckets were successfully fabricated by Gibson!” 
in a steel containing 0.21 C, 0.55 Cr, 1.29 Mn, 0.76 Si 


\ 


Table 36—Typical Tensile Properties of Arc-Welded Cromansil. 


Ww, 





Jennings 


1.04 Mn, 0.51 Cr, 0.91 Si 
Yield Stre gin 
Lb./I] 
15.00 Q 
} wn 
yt un ~ 
Welded Cromansil platforms (0 ( 


1.10—-1.40 Mn, 0.60—0.90 Si) were used 


streamlined trains Cromansil (0.17—0 
recommended by Charlton for welded 
frames. 

Instructions for oxyacetylene weldi 
steels are givel by Westin, Labl 4 


Table 37—Oxyacetylene Welding Cromansi! 


Plate Rod 
Phickne Diamet l \ I 
Inch Inch 
are recommended for steel wit] er 


less than 0.25 ¢ \ high-test (Si-M 
; inches tor thicket plate a Mn-M 


} 


hand welding and beveled scarves are ust 
inch thick and over Forehand eld 
Industry and Weldin * are in general 
Westin, but recommend a Cron 
contains over 0.25 C, the welds should be 
900" C In are welding no be. 
thickness of 3 inch From 


V isused; al 


joint 1s used abovi 
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SUGGESTED RESEARCH PROBLEMS 


l. The effect of preheating (800—500° F.) on the wi 
quench values (Bruckner Method) of low-alloy mang 
nese steels. 

2. Fora given set of welding conditions how does t] 
permissible manganese content of base metal vary wi 
the contents of carbon and other alloying elements 

3. The loss of manganese in fusion welding is « 
monly attributed to oxidation. Quantitative tests 
the amount of Mn lost by vaporization and by oxidat 
(nature of oxidation product) in welding different ma: 
ganese steels by different processes would aid in explai 
ing the cause of manganese loss. The effect of other el 
ments on Mn recovery should be studied. A relat 
problem is the possibility that vaporization of Mn ma 
increase the difficulty of spot welding steels with 
manganese content. 

1. The welding properties of steels with 0.2 C, 2 t 
Mn and the mechanical properties and structure of weld 
made therein by different processes. 

5. What are the consequences in welding of the wel 
known effect of manganese in increasing the sensitivit 
of steel to overheating? 

6. Is there a similarity between the Mn-AlI-S balan 
in cast steel, which governs ductility, and the simil 
balance which may obtain with aluminum: dioxidiz 
weld-metal ? 
7. At the end of the section on General Observati 
it is stated that manganese up te 12% exerts a large 
fluence on the characteristics of the are. A quantitati 
study of the effect of manganese on the arc is called { 

8S. What are the causes of crater cracks in are weldi 
14% Mn steel? In what way does peening prevent t! 
cracks? 

9. To what extent is it true that the relative abse1 
of brittleness in the heat-affected zone of welds in 14 
Mn steel made with Ni-Mn filler rods is due to the d 
fusion of nickel into the heat-affected zone? 
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| TENSILE IMPACT TESTS ON WELDS 


9 at Low Temperatures 








HESE investigations are a continuation of the work 





started several years ago at the Polytechnic In jest: 
stitute of Brooklyn on a study of the behavior of | 
lded joints under tensile impact at low temperatures. | sseeeones sa} a 


For a description of the apparatus and methods used the | 
ler is referred to two earlier papers by the author: | 



































3 
¢ } Eur 
Static Impact Tensile Properties of Some Welds at | = 
rdinary and Low Temperatures” October 1937 Re- | nd 
rch Supplement, pp. 41-46; and “The Effect of Low | et daeeee 7 
femperature on the Tensile Impact Resistance of Iron, | a 
Steel and Welded Joints,” Research Supplement, October SSeS SRESS SSREEE 
) »—Y | 
oy, Py os , Saati 
[he size of the specimen is shown in Fig f= 7a 
Fist 
py 
} bis ie 
Fig 
TESTS ON STEEL PLATE 3 
Fttit A 30) 
Metallic Arc D.C. Welds Blac 
he specimens were received in the as-welded condi- | 3 
- © ~- x 
tio! [wo 6 x 15 inch plates were beveled along the 15 te 
inch dimension with a 45° scarf angle and welded by 's 
the D.C. are process. The welding current of 200 am B Badass: 
- im 
peres and voltage of 19 volts was used with a light coated en 
electrode. The plates were of .25 carbon steel with the BS 
following chemical composition EEE ABH 
, oie 2d o en - Sa ho 60. | sae 
Carbon .25% _ Ll aaa Ri CR ape 
Manganese .579, | se 
Sulphur .022% REST SEeesSoseseneys sess Sots CESESSEG GEzS0 
Phosphorus .016% 
Fig. 2—Tensile Impact Properties of D.C. Arc Steel Welds at Low 
- ’ - Term eratures 
After the plates were welded, they measured 12 x 15 Pre 
inches, the weld being at right angles to the direction of | — , 
rolling of the steel plate. a Ths peers Ween Com , oe age | 
rhe strips were cut to the required length with the ee ee ee aoe CRC CCT 
at YU () ) 1() 60° and O~ cent ( 
weld in the center and turned down on a lathe to the ; , ?’ ah ' —. _ le 
rhe tensile impact value, per cent elongat ind pet 
* Abstracted from B.S. theses in the Department of Mechanical Engineer 1 - ion it ] j , t thy 1) 17 
Polytechnic Institute of Brooklyn by George L. McFarland, Jr. and George cent reduction in area are plotted “s temperatur 
De Rosa submitted as a contribution to the Fundamental Research Figure Z shows that the ten ile impact ' ilu | wer;4re ad 
nvision, Welding Research Committee 1 1 5 ‘ 
t Assistant Professor of Mechanical Engineering Brooklyn Polytechni SOTTH« what with the reduc tio1 Il temperature with A 
ne sharp reversal in strength at 
Che results of the tests on the D.C. lightly coated ar 
= 
4 welds indicate a wide variation in impact strength, re 
=e I 
ss duction in area and per cent elongatior 
—$. ee 
a< In making the D.C. welds, the welder made three pass« 
cc 
oe on the beveled seam first and then inverted th plate t 
Se make the final pass on the under sid 
oo 
2U.S.S a 
(NS = “TW A.C. Arc Steel Weld 
AMAA n } AN In contrast to the poor physical properties shown by 
ay 7 me SUULULUUUUUUUUL the D.C. lightly coated arc welds, the results of the test 
. 080 - upon A.C. are welds indicated uniform properties with 
. 3 GAGE LENGTH , a high average strength, decreasing slightly with the 
4 ig "2 — a “ 
4 lowering temperature, Fig. 3 
“4 i As in the D.C. are welds, the reversal of impact 
strength at tO” C. is again found 
TENSILE IMPACT SPECIMEN [he increase in brittleness due to the low temperature 
Fig. 1 is evidenced by the drop in the per cent el ngath curve 
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esse with the theory that the harder weld-metal 


the energy to the softer, more ductile, parent meta 


ime rhe fine silky fractures with the cup and 
fs area acteristics in all cases, give indication of good w 
} K practice. 
a t 
S| Results of Tests Upon Atomic Hydrogen Steel We 


Che results of the test are given in Fig 4. 
Chirteen of the specimens out of the 1S tested 
fairly uniform results, the impact strength reversii 
tO” to an average of 76 foot-pounds. At SO 

of the four specimens tested had very low impact 
neighboring around 8 to 14 foot-pounds. One speci: 
however, gave an impact value of 66 foot-pound 
good elongation and reduction in area. 

Che per cent reduction in area and the per cent el 
tion dropped only slightly, with no noticeable spr 
except for the weak specimens mentioned befor 
properties of these specimens are shown in the cu 
by the dotted lines 





arcent Faduction 
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sts i. PPR" 73 Be 
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he 
TEES 23335 25333 no ; * 50 
#80). | o eee’ aateeed eeeEES™ 7) 4e 5) 
bo DEGREES | CANMTIGRADE a 
Eittttssstettetitreeititteet se tittsterete teeter et tte sritsisseessies teeters i tttt gk besges, 
~ 
Fig. 3—Low Temperature Tensile Impact Properties of A.C. Ar 
Steel Welds 2 
% Reduction Of Area t 
The local deformation, remained almost constant (shown Es 
by the reduction in area) showing that the impact 
energy was probably transmitted to the softest material 
where failure occurred 
Che fractures of the A.C. arc welds all occurred outside 
at the junction of the weld \gain this checks closely 
Impact Strength eta 
| } } 
 SegsaiGh ~ Sea ees st 
Peg 
| § 
~~ 
e PSS SESSS SSSSS SSESS SOESS CESSES SESSS SESE econ 
NG 
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Fig. 4—Tensile Impact Properties of Atomic Hydrogen Steel Welds 


at Low Temperatures 
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Hon in Area | 


Fig. 5—Tensile Impact Tests of Plate Material at Low Temperat 
(U. S. S. Specimens) 


In every case, a coarse crystalline break wes indicat 
of low impact values 


Oxyacetylene Welds 


Oxyacetylene welds in Steel Plate were furnished 
the Union Carbide and Carbon Corporation and 
U.S. Steel Corporation. 

Che steel specimens supplied by the Union Carb 
and Carbon Research Laboratories had a welding gro 
of 75 degrees and the weld made in one pass. After 
plate was welded the welding seam was normalized 
reheating with a flame from the oxyacetylene tor 
This heating started at one end and advanced to the ot 
at four inches per minute 

The U. S. Steel welds were supplied in the finish 
form and already for testing. The process of maki 
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temperaturt Che current further 
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the weld Phe ( mplete 






the required dimet 


Results are show 
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Fig. 6—Tensile Impact Tests of Oxyacetyle 
perature (U.S. S. Specimer 








Che falling off in tensile impact 

mild steel from room temperature t ( 
more serious than the falling tr t] 
metal Actual values at SO” ré wl) 
it room temperature for the base met to 7S% tor 
welds, 75% for resistance welds, SS©, for A eld 
are welds, and 45% for D.( 

. coated electrodes Not e1 

itomic hydrogen welds 

Actual comparison in foot-pou tw proce 
ire of no particular significa 
technique, filler material and 


TESTS OF ALUMINUM ALLOYS 


' All the aluminum specim«e 
Fig. 7—Tensile Impact Tests of Oxyacetylene Welds at Low Ten 41, ee wa i An 
peratures (U. C. & C Specimens) Uuminum Company ol IT 


TESTS ON WELDS AT LOW TEMPERATURES 
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Fig. 9Tests of Aluminum Alloy No. 43 at Low Temperatures 


| (SECOND SERIES) 


“b 














Fig. 10—Tests of Oxyacetylene Welds in Aluminum Alloy No. 43 at 
Low Temperatures 


Both alloys are used for casting and hence the speci 
mens were of cast stock. The alloy 195T4 is an alumi 
num base alloy containing 4 per cent of copper and having 
the iron and silicon content definitely controlled. The 
T4 designation of this alloy indicates that it has received 
the T4 heat treatment, which is a heating process for 
twelve hours at 960 degrees Farenheit followed by a 
boiling water quench. A peculiar feature of this alloy 
is its age hardening effect when allowed to remain at 
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room temperature ; this necessitated keeping the 
mens 1n a Frigidaire until they were ready to be tk 


of 


Alloy No. 43, also a casting alloy, contains five pet 


silicon Its static tensile strength is lower tl} 
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Fig. 1l—Tests of Aluminum Alloy No. 195T4 at Low Termperat 
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Fig. 12—Tests of Oxyacetylene Welds of in Aluminum Alloy N: 


95T4 at Low Temperatures 
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num copper alloy, but is appreciably more ductile 
esistant to shock; this alloy does not receive any 
itment. 

reparing the plates for specimens, a casting was 
f each alloy in the form of a plate 12 inch x 15 inch 
ch. A45° bevel along the 15 inch length was made. 
r} vo sections were then set so as to form a groove of 
1) degrees down the middle. Into this groove was added 
the weld-metal which was of the same composition as 
the base metal; the operation was completed in one pass 
f the metal; after this, the plate was cut into */s inch 
square x 12 inch long pieces having the weld in the center. 
fhese in turn were machined to the required dimen 
sions shown in Fig 1; in the case of alloy 195T4 it re 
ceived the heat treatment after machining, to relieve 
only stresses that may have been set up. 


Results of tests on plate material No. 43 are shown 


in Fig. 9. Oxyacetylene welds in this material are 
shown in Fig. 10. Corresponding values in aluminum 
alloy No. 195T4 are shown in Figs. 11 and 12 


Discussion of Results 

It is noticed that alloy No. 195T4 is the stronger of 
the two averaging about 7% higher in impact value 
Che two alloys lose strength with a decrease in tempera 
ture, but only down to —60 degrees Centigrade; at this 
point they take a turn and get stronger. All the sets 
showed an increase in strength at the lowest tempera- 
ture 

Che actual impact values of plate and welds for alloys 
No. 43 and 195T4 at —SO” C. were practically the same 
as at room temperature. This indicates the value of 
aluminum in structures or parts subject to low tem 
perature 


AN INVESTIGATION ot the TENSILE 





and Torsional Strength of Weld-Metal 


By JOHN R. GRANDINETTI 


N THIS investigation D.C. welds (200 amp.) were 
made with */:, inch and '/; inch diameter mineral 
coated electrodes. 

None of the medium steel plates and bars which were 
welded to obtain the test specimens were in any way re 
strained during the welding process. They were freely 
illowed to distort due to the shrinkage of the weld 
metal upon cooling. It was found that there was a 
greater amount of shrinkage and therefore more dis 
tortion of the welded plates when the weld-metal was 
deposited in a series of beads (Bead Type Weld), than 
when deposited in a series of layers (Layer Type Weld 
It was also found that peening the successive passes of 
the weld-metal greatly reduced the amount of distortion 
of the welded plates. 

rhe density of the weld-metal as deposited was found 
to be 7.85 grams/cc. and the base metal, 7.83 grams/cc 
his analysis showed that a weld was produced of nearly 
the same density as the base metal 


PREPARATION OF TENSION TEST SPECIMENS 


|. Two sets of two medium steel plates were cut to 
the cross section and length shown in Fig. 1. The plates 
were placed parallel to each other with their bases */ i 
inches apart and their inside surfaces forming a 60 
angle. The plates were then welded together as indi- 
cated—one set having the weld-metal deposited in a 
series of beads, and the other set with the weld-metal 
deposited in a series of layers. Each layer of the weld 
metal at the section marked ‘‘P’’ was peened with a small 
pneumatic hammer. 

2. The welded plates were then cut along the trans 
verse lines ‘““C—C”’ Fig. 1 thereby obtaining four speci 
mens from each set. One specimen from each set was 

* A thesis submitted to the Faculty of the Towne Scientific School of the 

miversity of Pennsylvania for the degree of Master of Science in Mechanical 


ngineering Presented, June 1938 A contribution to the Fundamental Re 
itch Division, Welding Research Committee 


1938 TORSION STRENGTH OF WELDING JOINTS 2) 


and Welded Joints 


peened cold; the second, from each set, was left a 
welded; the third from each set, was stress-relief an 
nealed at 1200° F. for 1!/. hours” and the fourth, from 
each set, was annealed at 1620” F. for hours to refine 
the grain structure of the weld-metal which had a carbo: 
content of about 0.05% (after deposited), then cooled to 
1000” F., and then annealed again at OO” F. for 

hours to refine the grain structure of the medium steel 


plates, which had a carbon content of about 0.259 
3 The eight specimens from both sets were thet 
machined to the test-specimen size shown in Fi =. 
j wa H ] ] | 
| ‘ 
| } 7 
) re 
~ Tt 
| 4 \ 
4 hem elf rh 
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Fig. 1—Preparation of Tension Test Specimens wit V-Type Welded 


Joint at Center 
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Table 1—Tension Tests 
Specimens with V-Type Welded Joint 


jead Type Weld 


Specimen 


Specimen 
Annealed at 


Layer Ty 


opecimen 


pe Weld 


Specimen Annea 





Specimen Peened Annealed at 1620° F. & Specimen Peened Annealed at 162( 
As-Welded Cold 1200° F 1550° F As-Welded Cold 1200” |] 155 
Elastic limit load (from curv 
Ib 6905 6915 6560 5125 6930 TO00 6300 
Area of test section 1987 0.1987 0.1925 0.2015 0.1995 0.1999 0.201 
Reduced area after testing q 
in 0 0908 0.0908 0.0708 0.0708 0.0908 0.1075 0.0661 
© Elongation in 2 inch 19.5 20.0 24.0 25.0 16.0 19.0 25.5 
©" Area reduction 54.3 54.3 62.3 64.8 54.5 16.2 67.1 
Elastic limit (lb./sq. in 34,700 34,800 34,100 25.400 34,800 35,000 31,300 2 
Ultimate strength (lb./sq. in 65.800 65,400 60,200 56,300 58.500 59,200 59,000 4 
Modulus of elasticity 28,900,000 29,000,000 28,400,000 25,400,000 29,000,000 29,200,000 31,300,000 ( ) 
FINISHEO TENSION SPECIMENS. inches ‘could be finally machined at the ends to 
. Riehle Torsion Testing Machine. 
me gay 3. One specimen from each set was peened cold 
¥ “ei ve ‘ ari a second, from each set, was left as welded: the third, f1 
r —_ — — a a k ) — . 
t ae : ol each set, was stress-relief annealed at 1200° F. for 
— hours; and the fourth, from each set, was anneal 
Pa ee ee 1620° F. for 1'/2 hours to refine the grain structure of t 
weld-metal (0.05% C), then cooled to 1000° F., and t 
7 2 all annealed again at 1550° F. for 1'/. hours to refin« 
— —s < o}- — grain structure of the medium steel plates (0.25% ( 
ap mamapert a) k. “a0 ‘j ; fr 
f > } : ie eight specimens from both sets were t 
[ $ ~ “Ly. al ‘1: ~ : . wer . 
machined to the test-specimen size shown in Fig 
SOS QA 
WELOEO JOINT AT CENTER 
CONCLUSIONS 
Tension Tests 
_FINISHEO TORSION SPECIMENS 
e rhe results of the Tension Tests, Table 1, show that t 
c 2° 2 oa ae welded joints developed elastic and ultimate strengt 
; | ..— _ ¢ which are equivalent to those of a good grade medium 
2S > oa 
TEST _ SECTION ALi WELO METAL 
= - io) ~ c ¥ SPECIMENS CUT 
—-2-- /2 a aw | io” | i" | i | a NO LINES C-< 
,—_— “R CS i + : ] — f t 
| pls ey | j | Li } 9 
. Ses : i a >| 4 
5 oh 
WELOEO VOINT AT CENTER — 
; N ! 
SPECIMENS FOR MICROGRAPHIC EXAMINATION OF THE } ~{ 
GRAIN STRUCTURE CHANGE (NN THE BASE VWETAL | a 
CAUSED BY THE INTENSE HEAT OF THE WELONG | « 
SPECIMENS CUT OUT — lr ie 
AiLONS LINES C-c ¢ ‘ < c < c E 
_s — | ‘ — i—_ _ 
- " bepuipanh > <p 4 4 4 oe + | . 
[ ‘ 7 | \ 
x - a 7T BA ‘ ; 
ae . an) * a = 4 ] = _ - _ ——— = f a ° 
a a eke obs eke ot by 
c c c - c | i t 
; | P 8 Mm 4 
‘o tT 
Fig. 2 S| ” ‘ A>} 
1 —— eee ; 
F — ri ie = ie a 
| c 
' 
Sila 
| 
| WELL | 
PREPARATION OF TORSION TEST SPECIMENS | 2 2 4 
- 
aie . ' | c . I 
|. Two sets of two medium steel plates were cut to } 
the cross section and length shown in Fig. 3. The plates 4 +] by 22h) 5) 
were welded together as previously described—one set } 
with the bead type weld, and the other with the layer { i 


type weld. Each layer of the weld-metal at section 
marked ‘‘P’’ was peened with a small pneumatic hammer. 

2. Four specimens were then cut out of each set of 
welded plates along the transverse lines ““C—-C”’ Fig. 3. 
The eight specimens from both sets were then built up 
at their ends with weld-metal so that a diameter of 1'/; 


28 WELDING RESEARCH SUPPLEMENT 





ENOS BUILT UP + 
WELO METAL 
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OBTAINED 


Fig. 3—Preparation of Torsion Test Specimens with V-Type Welded 


Joint at Center 
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in therefore be classed as 100% efficient Che only Torsion Tests 
enecimens that tested less than 100% efficient were 


‘ro reion etc | » Se wn he conclu 
that were annealed at 1620° F. and 1550° F., which Pe “shige: sia Pie ed 7 the Ided we : tures i ; : 
tment would normally be expected to reduce the efficiencies can be considered about 90° m the hasis of 
gth properties. This leads to the conclusion that the ultimate shearing strength of the base metal, and 
the standpoint of strength characteristics and chet THE, on ton heals of the claatic limit (for creas) of 
cability of annealing fabricated welded structures, a we adie elenenan fre te n ra Pant the, ‘a salt 
200° F. is the maximum temperature to be re toni ada tiles Salant sll Rainer ti = nay ie Ta 
mended for heat treatment. hnths the clastivand ultiate atrenet! nw tenn aeebel 
esults also indicate that the Layer Type of weld de 
t produces a higher elastic limit than the Bead Type, 
is consequently the better weld from the structural 
lpoint. It is also indicated that cold peening Table 2—Torsion Tests 
slightly improved the elastic limit, ultimate strength 
the ductility in both the Bead and Layer Types of 
| deposit 
Results indicate that the specimens that were cold 
peened were slightly higher in elastic limit (for shear 
ultimate twisting strength than the ‘‘as-welded R 
specimens in both the Bead and Layer Types of weld ee 
leposit. It is also evident from the total and unit angles Peened cold 
f twist that cold peening increased the ductility of the Annealed at 1200 


be ” ; Annealed at 142 Ir 
weld-metal over the ‘‘as-welded”’ condition \nnealed at | ides 


[he results also show that the properties of the Bead 


Layer Types of weld deposit are the same for tor a ro 
il loading as for tensile loading, and that the Laver Apacer 1200° J 
pe of deposit produces a higher elastic limit than the Annealed at 1620° F. & 
Bead rype. 


LIGHT FLOORS FOR HIGHWAY BRIDGES 


By PROFESSOR OTTO GRAF 





TATIC load-deflection and load-strain measur maximum load, which was 57 t than that 
ments were made on four types of arc-welded light calculated from the yield strengt! moment of the 
bridge floors, Fig. 1, with different distributions beams, all beams were fully used Ostenfeld method 
of load on the floor. The cellular type is particularly of designing cellular floors is in agreeme | lel 
eficient, and simple approximate design formulas are’ tests using small bars and with the static tests of the 
valid. It is essential that the transverse tension mem floors themselves. Static load tests of a welded bridge 
bers be continuous in order than the floor undergo ade floor in service were in agreement wit li calcula 
quate deformation before failure. In the cellular floor tions. Dynamic tests with thi llograph 
shown in Fig. 1 (a) these tension members were not’ revealed that the cellular floor w t particularl 
welded to the flanges of the longitudinal beams. The ceptible to vibrations under th¢ t fa S-t 
leflections and the strains (tension fiber) for load ap- Diesel truck moving at speeds up to 30 miles per ht 
plied on an area of 8.6 x 8.6 inches at the center of the The welded buckle plate floor wehaved itisfar 
floor are recorded in Table 1 for each of the thirteen  torily, but the basis for the design of buckle plates r 
longitudinal beams. The strain curves for the floor quires development The permanent deflectior the 
beams are not the same as for a single beam because the middle with a central load of 20 tor 0.21 h he 
transverse tension members create irregularities. With effect of this permanent deformation is that only elastic 
central loading, as the load is increased the ratio of deflection occurs when a central load tor ip 
strain of the middle beams to the strain of the edge beams _ plied subsequently The maximum stré the plate 
decreases. In other words, the border beams support under a central load of 15 tor 1500 Ib. /in Of 
increasingly larger proportions of the load as it is in- practical interest is the fact that the transverse stiffener 
creased. If it is assumed that all the beams carried the have practically no effect on the strain in the buckk 
same load as that calculated for the middle beam, cal- plate. With increasing load the first strain lines appear 
culation shows that the floor consists of 7 instead of 13 (66 tons) in the plate at the middle of the long edg: \t 
longitudinal beams. If the load is imposed on the border _ this load flow lines are found on the upper flange of the 
of the floor the neighboring beams assume smaller pro long border beams The strain in the plat creases 
portions of load than if the load is central. Under slowly as the time of application of load i creased 
Recovery on removal of load also depends on the time 
eae Cn eagussen, Research Assistant, Welding Research Tf the floor is covered with bituminous material the di 
— Report of the German Structural Steel Committe eries B, Heft 9 tribution of load de pe nds to a great ext 1 nm the time 
5, <9 pp., published by J. Springer, Berlin , | 1 #] 
t Technical College, Stuttgart, Germany of application Phe deflection t the ited floor may 
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(a) Cellular floor (B4). 
about 7'/,; inches 
Upper diagram = cross section 
Lower diagram = longitudinal section 
Arrows indicate different locations of test loads 


Total height of floor above roller supports was 









































~ 1665 
= 
7 
li gS 
if 
rel] 
Koei 














- 


(6) Buckle plate floor (II). 


Supported on steel balls at the corners 
gage points for deflections 
— gage lengths for strains 


IP 28 = H section; breadth of flange 
inches; flange thickness 0.79 inch; 
76 lb. /ft. 


= height of beam = 11.0 
web thickness 0.47 inch; 


Fig. 1—Types of Floors Tested. 


Several Modifications of Each Type 
Were Used. 


Dimensions in Millimeters 
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(d) Corrugated plate floor (EII) 


Table 1—Deflections and Strains of Welded Cellular Steel Floor (Fig. | (a 


Load, 

Tons l 2 3 

6.6 Strain, 
inch/inch 

6.6 Deflection, 


t 5 


inch 0.022 0.027 0.035 # £0.037 0.052 
13.2 Strain, 
inch/inch 0.00011 
13.2 Deflection, 
inch 0.036 0.054 0.066 0.078 0.096 


* The load was placed over beam 7. 
t Dial extensometer, gage length = 8 inches 


be up to 60% smaller in cold weather than in hot weather. 

The tests on the double-angle and corrugated plate 
floors, Fig. 1 (c) and (d), show that the transverse stiffen- 
ing must be increased to support concentrated loads. 
With a concentrated load at the center the deflections of 
the welded double-angle floor, Table 2, reveal a less 
favorable distribution of deflections than for a cellular 
floor, according to expectations. The central double 
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0.00008 0.00008 0.00013 0.00015 0.00015 0.00021 


0.060 


0.115 0.122 0.109 


~~ * 


6 ] S 2) 10 11 [2 


0.00026 0.00022 0.00017 0.00010 0.00010 


0.060 0.054 0.047 0.045 0.028 


0.022 


0.00016 0.00020 0.00022 0.00032 0.00043 0.00056 0.00048 0.00035 0.00025 0.00022 0.00016 


0.093 0.086 0.065 0 053 


angle failed by buckling at a maximum load of 20 to1 
corresponding to a calculated stress of 24,000 Ib./in. 
the lower surface of the double angle. Evidently th 
floor is not suited to withstand concentrated load 
Covering the floor with concrete improves the distribu 
tion of load. 

The corrugated plate floor is covered with concret 
as shown by the shading in Fig. 1 (d). At a load of : 
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e 2—Deflections (Inches) of Welded Double Angle Floor 


Permanent 
Deflection, 


Under a Under a Inch, After 
Load of Load of Removal of 
see Fig. 1 (« 11 Tons 16 lon 16 Tons 
the right border 0.075 0 O95 
0.22 0). 34 0.024 
ind 13 (middle 0.31 0.50 0 O56 
0.21 0.34 0.028 
the left border 0.071 0.095 ) 
the elongation of the tensile (lower) fibers of the 


rugations is 


Fatigue Tests of Welded 
Rail Joints’ 
By PROFESSOR F. CAMPUS? 


HE Belgian National Railways has adopted flash 
welding for rail joints. Main line joints are an 
nealed 50 minutes at 875° C. before being placed in 


Static and pulsating bend fatigue tests were 
made on the unwelded rail and on welded joints with or 


service 


without heat treatment. The rails (101 Ilb./yard) 
were secured from several mills. All tests were made in 
simple bending with concentrated load at mid span 
span 36 inches). 

Static bend tests with Huggenberger extensometers 


ind with head in tension showed that, on account of the 


Gage length no 


Elongation, inch/inch 0. 26 60.4 ~ 14 » Oo 


Adding 


1.6 inches of concrete to the | ‘ 
proves the distributions of load, and reduces the stresses 


by 50% With gradually increasing load cracks wert 
heard at a load of 62'/» tons for the fl hown in Fig 

d), and at a load of 60'/s tons for the floor with 1.6 
nches additional height of concret Che maximum 
load for the former floor is 77 tor for the latter, SS 
tons. At these maximum loads the tensile stress in the 
plate and beams at the border of the floor remained be 
low the yield strength. Failure occurred by tearing of 
the welds joining the corrugated plates to the transverse 


stiffeners. 


short span, the neutral axis of an unwelded rail 


Wa ‘ 
inches from the foot (total height of rail 4 inche 
instead of the theoretical 2.80 inch: e proport il 
limits (lb. /in.*) were 

Hea 
Unwelded rail iS, 
Unheat-treated joint }* 
Heat-treated joint 19.00 10 


he pulsating bend fatigue test performed on a 
110-ton Amsler pulsator equipped with cylindrical mild 
steel supports on a rigid foundatio1 Che stress in the 
tension fiber varied from an upper tensile stress to a 
lower tensile stress of SSOO Ib W he the uppe 
stress was below 39,000 lb. /in the fre quency wa 0) 
cycles/minute ; 55,000 Ib./in.* the 
250 cycles/minute to avoid ovesheating 
believed that the load varied with the 


wert 


above frequency wa 
the oil It wa 


frequency, but no 






















































































* Abstract of Essais de fatigue de oint oude de rai published in correction was made for possible errors The ke ad prob 
evue Universelle des Mines, 8th Series, vol. 14, No. 6, 493-499, June 1938 ' 
+t University of Liége, Belgium ablv exceeded that indicate d by the manometer 
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FATIGUE TESTS OF WELDED RAIL JOINTS 


Fig. 1 





he results of 47 tests are shown in Fig. 1. Whether 
the head is in tension or compression appears to have no 
effect on the pulsating bending fatigue strength, but has 
considerable effect on the type of failure. With the head 
in compression cracks started in the head close to the 
support. These cracks had little effect on the strength 
of the rail, for a rail in which the first crack appeared 
after 4,300,000 cycles withstood 8,856,000 cycles (5800 to 
60,500 Ib./in.*) without failure. The cracks spread 
gradually during test and were similar to those formed 
under heavy wheel loads in service 

Fatigue failure in the welded rail sometimes occurred 
in the weld, sometimes */, to 4 inches outside the weld. 
Welds (/) made from rails of different make were in 
ferior to joints between rails from the same mill. 

Extrapolating the semi-logarithmic diagram to 10 
million cycles (estimated to be equivalent to 8 years 
main line service) it was calculated that the endurance 
limit of unheat-treated joints would be 85% of the en 
durance limit of unwelded rails. The endurance limit 
of heat-treated joints was estimated to be 57% of un- 
welded rails. 


New Girder Construction 


A new kind of plate girder construction, Fig. 1, was 
exhibited by the Arcos firm at the 1938 Leipzig Fair. 
In place of the customary flange plate a relatively thin 
bent plate is substituted. In this way the weld is re 
moved from the vicinity of the most highly stressed fiber 
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and greater stiffness is achieved. Distortion is less 
troublesome, too. For the sake of appearance mainly 
the stiffeners are also hollow sections. In this type of 
construction there is practically no place for rain water 
to lodge. (Elektroschwg., 9, H.6, 111-112 (1938).) 
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International Welding If 
Conference oe 


~~, 
Abstract of report by G. Schaper, Bau 16 (26) 34¢ 47, June 17 ~ oA ’ 


N May 19th-—2Ist a discussion was held under t} 
auspices of the Swiss Federal Materials Test 


Institute, Dr. M. Ros presiding, at Zurich, Switzer 
land on the subject ‘Present Day Status of Welding and 
the Welding Specifications in Germany and Switzerland 
The meeting was occasioned by the cracks that appear 
in the welded low-alloy structural steel highway bridg: 
at Rudersdorf, Germany and in the railway bridge at th 
Zoological Gardens in Berlin. 

The defects in the two bridges that have been me: 
tioned were quite unexpected. The cracks in the Zo 
logical Garden Bridge originated in the weld connecting 
the web of a plate girder to its ribbed flange. The cra 
spread into flange and web. The ends of the cra 
simply were -drilled out. In this condition the supe 
structure of the bridge has been in service over two vear 
under normal traffic and the cracks have not changed 

The cracks in the superstructure of the Rudersd 
Bridge also originated in a web-ribbed flange weld a 
spread over the entire flange and a large part of the we 
The fine cracks in the Zoological Garden Bridge wi 
found by a bridge inspector with a magnifying gla 
It is not known when the cracks first occurred. On th 
other hand, it is known that two cracks in the Rude: 
dort Bridge formed on the night of January 2-3, 193s 
when the temperature fell from +10 to —10° C. Th 
cracks made a loud noise and opened several millimeter 
In both bridges there was no trace of deformation i 
neighborhood of the Che failure 
brittle type. 


cracks. was of 

This summer a number of investigations into the caus 
of the cracks are being prosecuted. In all probabilit 
the causes are: |) the web-flange welds were made t 
rapidly with consequent hardening of the low-all 
steel in the heat-affected zone; (2) the condition of t1 
axial stress in the welded favored brittle fracture 
possibly there were rolling defects in the thick ribbe 
flange of low-alloy steel. 

Independently of the investigations this summer 
static tests of welded low-alloy steel I beams 20 inch« 
high have been made recently in which the flanges, 1.1 
inches thick were either flat, ribbed or nose-profile 
Welding was either automatic or manual and the wel 
stiffeners were welded either before or after the flange 
web welds had been completed. With one exception all 
beams withstood a calculated extreme fiber stress 
77,000 to 85,000 Ib./in.* without fracture. The def 
ormation was severe and failure was due to buckling 
of the compression flange. In the single exception, a 
crack originated at the flange-web weld and spread as 
brittle fracture through the entire height of the beam at a 
calculated extreme fiber stress of 77,000 Ib./in.* Thes¢ 
tests offer no explanation for the Berlin and Rudersdor! 
failures, which occurred at calculated extreme fiber 
stresses of not over 21,300 Ib./in.? Probably the small 
test beams did not reproduce conditions in the bridges 

Summarizing the results of these tests, there is 1! 
reason to discard welding for bridges. Mild steel bridg« 
can be welded with complete security and it is expecte 
that as a result of the present tests low-alloy steel bridges 
may be welded without misgivings. However, bridg: 
welding is an art and only experienced firms should 
be entrusted with it. 
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